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EXTRACT FROM THE By-LAWS. 


CHAPTER XII. 
OF THE MAGELLANIO FUND. 


Szcrion 1. John Hyacinth de Magellan, in London, having in the year 
1786 offered to the Society, as a donation, the sum of two hundred guineas, 
to be by them vested in a secure and permanent fund, to the end that the 
interest arising therefrom should be annually disposed of in premiums, to 
be adjudged by them to the author of the best discovery, or most useful 
invention, relating to Navigation, Astronomy, or Natural Philosophy 
(mere natural history only excepted); and the Society having accepted of 
the above donation, they hereby publish the conditions, prescribed by the 
donor and agreed to by the Society, upon which the said annual premiums 
will be awarded. 


CONDITIONS OF THE MAGELLANIC PREMIUM. 


1. The candidate shall send his discovery, invention or improvement, 
addressed to the President, or one of the Vice-Presidents of the Society, 
free of postage or other charges ; and shall distinguish his performance by 
some motto, device, or other signature, at his pleasure. Together with 
his discovery, invention, or improvement, he shal! also send a sealed letter 
containing the same motto, device, or signature, and subscribed with the 
real name and place of residence of the author. 

2. Persons of any nation, sect or denomination whatever, shall be ad- 
mitted as candidates for this premium. 

8. No discevery, invention or improvement shall be entitled to this pre- 
mium, which hath been already published, or for which the author hath 
been publicly rewarded elsewhere. 

4. The candidate shal] communicate his discovery, invention or im- 
provement, either in the Englisk, French, German, or Latin language. 

5. All such communications shall be publicly read or exhibited to the 
Society at some stated meeting, not less than one month previous to the 
day of adjudication, and shall at all times be open to the inspection of 
such members as shal) desire it. But no member shall carry home with 
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Synopsis of the Species of Oreodontide. By E. D. Cope. 


(Read before the American Philosophical Society, January 18, 1884.) 






The tribe Ruminantia first appears in the White River Miocene period 

iat in North American geological history. It is represented there by a num- 
2 yr ber of genera, which pertain to several family types. The most aberrant 
eek of these, the Oreodontida, includes the largest number of forms, generic and 
specific. The Poébrotheriide certainly embraces but few species, while 
a third group of genera, represented by Leptomeryx, which are inter- 
mediate between the 7ragulina and Pecora, and should be perhaps regard- 
ed as aberrant 7ragulida, also includes a small number of species. 

The Oreodontide constitute a family related to the Anoplotheriida of 
the later Eocene, but representing a more specialized condition of the 
structure of the molar teeth, in the full development of the selenodont 
type, which is rudimental in the Anoplothertide. Their feet, on the other 
hand, are less specialized than in the latter family. Asa family, the Oreo- 
ms dontide display very little tendency in their limbs to the specialized con- 

dition of the Ruminantia, but are more like those of the suilline groups, 
and, among recent families, of the Hippopotamide. 










































OREODONTID SE. 


Dentition ; superior incisors present; molars selenodont. Cervicals 
with the transverse processes perforated by the vertebrarterial canal. No 
alisphenoid canal. Ulna and radius, and tibia and fibula distinct. Meta- 
podial bones four on each foot, with incomplete distal trochlear keels. 
Lunar bone not supported by magnum. Navicular and cuboid bones dis- 
tinct. 

The preceding synopsis of its characters should furnish a basis for the 
definite location of the Oreodontide in the system. Dr. Leidy called its: 
species Ruminating hogs, and created a family for Oreodon and the alliedi 

oat genera, under the name of Oreodontide. This family is adopted by Prof. 
ree Gill who includes in it the Agriochoeride of Leidy, and places it in his 
ey division Pecora, which is more comprehensive than the Pecora of Prof. 
Flower, being nearly identical with the Selenodonta of Kowalevsky. 
More precise expression of its affinity to the existing families is not given, 
excepting to place it under a division ‘‘incertse sedis.’’ 

As a selenodont type, this family is excluded from the Artiodactyla 
omnivora, and as having its metapodial bones distinct, it cannot be placed 
in any recent family excepting the Tragulide. From this family it is 
distinguished by the distinct ulna and radius. We then turn to the ex- 
tinct families Poébrotheriide and <Anoplotheriide. The former agrees 
with the Tragulide excepting in its Cameloid cervical vertebrae, 
while the latter differs from the Oreodontide in the structure of 
the feet. The Anoplotheriide are didactyle in front, and tridactyle 
behind. The posterior foot has a well-developed second digit directed 
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more inwards than the others, which it is supposed supported a nata- 
tory web. In the Oreodontide all the feet are regularly tetradactyle.* 
The Anoplotheriide differ also in the presence of an additional cusp on 
the inner side of the superior molars, accompanied by an imperfect de- 
velopment of one or both pairs of the internal crescents. In Anoplo- 
therium the internal crescents of the inferior molars are incomplete, and 
more or less represented by tubercles. In the Oreodontide there are two 
pairs of fully developed crescents, and no internal tubercles. The de- 
tails of the structure express various affinities. The axis is intermediate 
between that of the suilline and ruminant Artiodactyla ; the other cer- 
vicals are suilline, while the remaining vertebre are ruminant. The 
scapula is ruminant, not suilline ; while the humerus is like nothing but 
Anoplotherium. The radiocarpal articulation is intermediate between that 
of hogs and ruminants. The unciform supports the lunar bone. The sac- 
rum is ruminant, the ilium suilline. The femur and tarsus are much like 
those of the peccary. 

The genera of this family known to me are the following : 

I. Orbit incomplete ; last premolars in both jaws with two external 
crescents or Vs. 
PIED: Ss. sdieabeenccnss is cada RA AS he kweses cueat Coloreodon. 
Premolars four Agriochoerus. 

II. Orbit complete ; premolars four, the fourth with one external crescent. 

a, No facial vacuities. 
Premaxillaries distinct ; otic bulle not inflated. ...... .s veesveses Oreodon. 
Premaxillaries distinct ; otic bulle inflated. ................ Eucrotaphus. 
Premaxillaries codssified ; otic bulle inflated. ............ Meryeochoerus. 

aa. Facial vacuities present. 
Premaxillaries codssified, dentigerous ; vacuities prelachrymal 


Incisors six above, persistent ; vacuities prelachrymal and pre- 
frontal ; nasal bones much reduced........... oeseees Leptauchenia. 
Incisors very few, caducous ; vacuities very large Cyclopidius. 
Ill. Inferior premolars three. 
True inferior canine functional; inferior incisors one on each side. Pithecistes. 
The number of species referred to these genera in the succeeding pages 
is as follows : 


ak i aos 4 06 0 NE aes ales sige bee ceeetehameh eine 3 
PR Oia a Lis. sy Sis» ol dh cna vine bad nee Rew wedewvaunl ee 3 
PER onic sec cn cc nscvecttessccecesosescceeces 7 
Merychyus 

Leptauchenia.... 

Cyclopidius 


*1I have observed this in the genera Oreodon, Eucrotaphus, Merycocherus, 
and Merychyus, 
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The present paper is chiefly devoted to the ‘proper distinction of these 
species and genera or cranial characters only. Figures of all will be 
given in my volume which embraces this subject, in the Report of the 
U. 8. Geological Survey of the Territories. 


Ooloreodon ferox Cope, one-half natural size. Original; from Report U. 8. 
Geolog. Survey Terrs., vol, ili, F. V. Hayden in charge. 


OREODON Leidy. 


Proceedings Academy Philadelphia, 1857, p. 238. Ancient Fauna of 
Nebraska, Smithsonian Contrib. to Knowledge, 1853, p. 29. Extinct 
Mammalia Dakota and Nebraska, 1869, p. 72. Report U. 8. Geological 
Survey Terrs., 1873, I, p. 201. Merycoidodon Leidy, Proceeds. Acad. 
Philada., 1848, p. 47 (nomen nudum). Cotylops Leidy, Loc. cit., 1851, 
p. 239. 

Premaxillary bones distinct from each other. Otic bulle not inflated. 
No lachrymal vacuity of the face ; nasal bones normal. Premolars four 
in both jaws. 

Dental formula I. $; C. 4; P-m. 4; M. $%; the series uninterrupted. 
Crowns of the molars robust, well distinguished from the roots. Grind- 
ing surface of the true molars simply selenodont, 7. ¢., with but two pairs 
of crescents. Superior premolars composed of a single external compressed 
cusp with crescentic section, and internal cingula or crescent. The fourth 
premolar with a well developed internal crescent ; the first three with rudi- 
mental internal crescents in the form of basal cingula. Superior canines 
distinct. Inferior premolars of two kinds; the first canine-like in form 
and function ; the others consisting of a single external] cutting edge rep- 
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resenting two crescents, of which the anterior has its posterior horn 
developed as an obliquely transverse crest directed inwards. Last true 
molar with a heel composed of two columns. 

In the superior temporary dentition the last premolar has the form of the 
first permanent true molar. The third premolar has five lobes, é. ¢., four 
crescents and an anterior odd one. The other temporary premolar resem- 
bles that of the permanent series. The last inferior temporary premolar has 
the three pairs of lobes usual in the Artiodactyla, and the two which pre- 
cede it resemble the corresponding permanent teeth. Says Leidy :* ‘The 
permanent true molars successively protrude and occupy their functional 
position before any of the deciduous molars are shed. The displacement of 
the latter by their permanent successors appears to begin with the eruption 
of the last of these, which is followed by those in advance. The first 
permanent premolar of the upper jaw appears to have protruded after the 
deciduous teeth, and occupied a position with them in the functional series, 
but remains after these are shed. ”’ 

The cranial characters which belong to Oreodon as a genus are the fol- 
lowing : Orbit completed behind ; temporal fosse separated by a sagittal 
crest. A lachrymal fossa, but no facial nor frontal vacuities. Premaxil- 
lary bones distinct from each other and from the maxillaries. Nasal bones 
well developed. Auditory bulle not inflated. 


The preceding dental and cranial characters have been pointed out by 
Leidy in his various paleontological works. On account of the absence 
of the necessary material he was unable to give the characters of the 
remaining parts of the skeleton. These are of course necessary to a 
correct estimate of the affinities of the genus, and I will endeavor to add 
such information as my material will permit. This consists of numerous 
more or less complete skeletons found in connection with the skulls by 
myself in Colorado in 1873. 


Vertebra. The cervical vertebre are rather short, and the character of 
the articulation of the centra slightly opisthocoelous, and the articular 
faces are quite oblique. The axis is the longest vertebra; the three last 
centra are subequal in length. In one of my series the seven cervicals 
are preserved. In all of these, excepting the seventh, the bases of the 
diapophysis are perforated by the vertebrarterial canal. In the sixth 
vertebra, the decurved parapophyses are especially robust. The axis and 
three succeeding centra display strong hypapophyses at their posterior ex- 
tremities, which are carried forwards as strong median keels. The odon- 
toid process is depressed so as to have a lenticular section ; it is not exca- 
vated above, but in my largest specimen the internal borders of the facets 
for the atlas are continued so as to enclose a short groove on each side at 
its base. In one smaller and immature specimen this is wanting. The 
vertebrarterial canal of the axis is enclosed as in the other cervicals. The 
canal for the second spinal nerve hasa narrow roof, but there are no canals 


* Ancient Fauna of Nebraska, p. 4/4. 
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for the succeeding pairs of nerves perforating the neural arches. The atlas 
is not very elongate. The base of the diapophysis has a perforating canal, 
which issues in a large inferior fossa. The vertebrarterial canal then per- 
forates the diapophysis upwards anterior to the middle of the base, and 
then soon enters the neural canal just posterior to the superior margin of 
the cotylus of the occipital condyle. 

The centra succeeding the cervicals increase gradually in length poste- 
riorly. Those of the anterior part of the dorsal series are quite depressed, 
but the vertical diameter rapidly increases, so as to be equal to the trans- 
verse in some of the lumbars. A trace of the opisthocoelous articulation 
exists throughout the dorsals but is very little marked in the posterior 
centra. There are no hypapophyses on the dorsals, but on one of them, 
probably the third, the inferior and lateral faces are separated by a strong 
angle, which is strongest anteriorly, giving the articular face a subquadrate 
outline. The rib-bearing diapophyses are robust. On the posterior dor- 
sals the capitular and tubercular surfaces are confluent, forming a narrow 
facet on the anterior face of the diapophysis, in a manner not seen in 
Cervus elaphus or Sus scropha. The centra of the lumbars, after lengthen- 
ing, become shorter immediately in front of the sacrum. The vertical 
diameter of one or two posterior ones is less than that of the anterior 
ones. The greater number of the lumbars display a small compressed 
hypapophysis at their anterior extremity ; but this is wanting on the 
posterior ones. The neural arches of the dorsal and lumbar vertebre are 
nowhere perforated for the spinal nerves. 

The lumbar prezygapophyses embrace the articular faces of the poste- 
rior ones, which have a section of one side (below), the end (external), 
and a half the other side (above), of a transverse ellipse. The superior 
recurved surface does not appear. 

The sacrum consists of five vertebre, with very depressed centra, The 
ilium is attached to the diapophysis of the first, and a small anterior por- 
tion of that of the second. That of the fourth is flat and free. The an- 
terior zygapophysis of the first displays a slight degree of the superior 
incurvature general in Artiodactyla. The caudal vertebre were numerous, 
forming a long tail. The proximal ones are moderately depressed, while 
more distal ones with wide diapophysis and complete neural arch, are sub- 
cylindric, and more elongate. The number of vertebre preserved in the 
most complete of my specimens, is as follows : 


O. culbertsoni juv....+.++ 
0. gracilis. ..... 


An anterior, perhaps second, sternal segment is flat and subquadrate in 
outline, with large heemal articular face of the lateral margin anteriorly, 
and a small one posteriorly. No inferior carina. 
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The spine of the scapula rises abruptly from the neck as in Ruminantia, 
and the coracoid process is short and obtuse. The spine continues to the 
distal extremity, which is regularly convex. 


The most perfect innominata in my collection are deficient in the sym- 
physis. The form of the ilium is more that of a hog than of a ruminant. 
The peduncle is even stouter, and the superior border is abruptly expanded 
below the middle of the length of the bone. The superior and inferior 
borders are subparallel as in the hog, and not divergent as in the rumi- 
nants. The anterior edge is acute, and uninterrupted by an anterior in- 
ferior fossa or spine. The pubis is robust and transverse, and without 
prominent basal pectineal tuberosity. The incisura acetabuli invades the 
base of the pubis a little, but the ischium more extensively. The ob- 
turator foramen is quite large. The distal border of the ischium is ob- 
liquely truncated as in many other Artiodactyla, and more nearly re- 
sembles that of the peccary than any other recent form I have observed. 
The tuber proper is a convex edge, not thickened, and its superior edge is 
continued into a strong up-looking tuberosity. This region is not so 
robust as in most recent forms. 


The humerus of Oreodon is readily distinguished from that of recent 
Artiodactyla by several peculiarities. The greater tuberosity is large, ris- 
ing above the head ; and is incurved, terminating inwards in an acuminate 
apex. Its border at the base is thrown into an obtuse angle. The lesser 
tuberosity is small, and is well separated from the greater by a deep and 
wide bicipital groove. The deltoid ridge is distinct. The condylar ex- 
tremity is more transversely extended than in any recent Artiodactyle, 
owing to the fact the posterior interior distal tuberosity is placed interior 
to the trochlea instead of partially behind it, and that there is, in addition, 
an internal epicondyle not seen in the recent suilline or ruminant mem- 
bers of the order. The intercondylar ridge is strong, and wider than in 
most recent ruminants ; in the suillines it has nothing like such a develop- 
ment. Another peculiarity is the flange-like free border of the external 
trochlea, which is especially recurved at its superior part. 


The radius is distinct from the ulna throughout. The relation of the 
ulnar to the radiocarpal surface is posterior as well as exterior; the com- 
mon suture of the two, making an angle of 45° with the long axis of the 
radiocarpal surface. The head is a transverse oval, with the inferior face 
forming a regular curve without notch. Its articular surface is divided into 
three portions in adaptation to the interna] and external humeral trochlesz 
and the wide median ridge. The external face is beveled forwards above, 
to fit the flange-like projection of the external trochlea. The shaft of the 
radius is not very stout, and has a nearly equal transversely oval section 
to near the distal expansion. Here are wide grooves for the extensor 
tendons, one superior, the other obliquely exterior. The carpal articular 
facet has the general ungulate characters. The scaphoid facet is concave 
above, convex and condyloid below, and is only distinguished from the 
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lunar facet by a contraction of the anterior and posterior borders. There 
is no indication of distinguishing ridge between the lunar and cuneiform 
facets. The posterior border at their junction is prominent, enclosing a 
fossa with the scaphoid condyle, which does not, however, excavate the 
intervening surface. The scaphoid condyle is not divided by a ridge, 


The ulna gradually contracts distally from a robust olecranon. The 
shaft beyond the humeral cotylus has an oval section, with its long axis 
forming an angle of 45° to the perpendicular. The olecranon is short and 
compressed, its posterior border rising nearly as high as the coronoid 
process. The edges of the humeral cotylus are not flared beyond the 
shaft. 

In the carpus the unciform nearly reaches the scaphoid, which is sup- 
ported by the magnum and trapezium. 

The great trochanter of the femur is not produced beyond the line of 
the head, and is well recurved, enclosing a large fossa. The little trochan- 
ter is large. The fossa ligamenti teris is submedian, subround and large. 
Distally, the patellar trochlear groove is quite elevated ; its lateral crests 
are of equal prominence, and nearly equal superior prolongation. The 
patellar groove is continued some distance above the crests, but there is 
no fossa in this region as in the hog. The popliteal fossa is well marked, 
and the condyloid articular surfaces are not entirely cut off from the 
rotular. The external linea aspera terminates first in a rugose muscular 
insertion, and then in a shallow fossa a short distance above the condyle. 
There is no crest nor deep fossa. This element is more like the corre- 
sponding one in Dicotyles torquatus than in any other mammal. The 
patella is a short wide bone, with a large anteroposterior diameter. One 
extremity is acute, the opposite one truncate. 

The head of the tibia is also like that of Dicotyles. The spine is divided 
as usual, and not much elevated ; the crest is prominent, but is wide and 
truncate above at the head. It is not excavated asin Sus. The external 
tendinous notch is well marked. The external margin of the shaft does 
not display any sutural surface for the fibula. The surface of attachment 
of an external malleolus is distinct. The internal malleolar process is nar- 
row and is produced well downwards. The anterior intertrochlear angle 
is prominent ; the posterior only convex. The trochlee are deep, the 
outer being both the wider and the deeper. 


The astragalus presents well marked characters. The distal extremity 
displays the two usual parallel trochlew, which are separated by a pro- 
nounced angle. The cuboid trochlea slopes somewhat backwards, while 
the navicular is strongly concave. The tibial trochlee are unequal, the 
internal being smaller than the external. It is separated from the latter 
by a constriction which is well rounded and not angulate as in the hog. 
The external] side of the astragalus displays a wide malleolar band, a wide 
posterior and narrow anterior calcaneal facets, and an undivided concavity 
intervening between the latter. On the inner side, the malleolar face 
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descends to below the middle, as in Hypertragulus, and there is no verti- 
cal nor horizontal distal crest. The inferior calcaneal facet is undivided 
and not grooved, and does not extend over the internal border of the in- 
ferior side of the bone. It exhibits an acute border on the external side. 
The calcaneum is rather elongate, and the free portion is compressed and 
with obtuse margins above and below. The transverse astragalar pro- 
cess is not large and is not produced beyond its facet. The ascending 
plate is well developed and has a superior, uninterrupted convex facet for 
the fibula, with a narrow facet on its inner side. The inner distal astraga- 
lar facet extends the entire length of the cuboid facet. There is a longi- 
tudinal ridge on the external side of the distal end of the calcaneum. 


The navicular and cuboid bones are distinct from each other and from 
the ectocuneiform. The astragalar ligamentous fossa is in the naviculo- 
cuboid suture. The inferior proximal angle of the cuboid is produced 
posteriorly, and the peroneal process well forwards. The ectocuneiform 
is distinct, and much wider than long. The mesocuneiform is exterio- 
posterior in position, and the transverse diameters are small. It is pro- 
duced distally, overlapping the head of the second metatarsus. Ento- 
cuneiform wanting. The metapodial bones are entirely distinct. The 
lateral metatarsais are well developed. The second articulates with both 
the ecto-and mesocuneiform bones, by a proximal extremity which is 
laterally compressed. The third and fourth are subequal in width, and 
articulate exclusively with the ectocuneiform and cuboid respectively. 
The fifth metatarsus is compressed proximally, and the external part of 
its extremity articulates with a lateral fossa of the cuboid. The distal 
articular extremities of the metapodials are separated from the anterior 
face of their shafts by a transverse groove ; and they have a well marked 
articular fossa on each side. The trochlear tongue only exists on the 
posterior face, where it is prominent and compressed. It disappears on 
the middle of the distal end, and is wanting on the anterior face. The 
phalanges are depressed proximally, the penultimate ones distally also. 
The ungues are rather depressed and have convex external borders. There 
is a pair of sesamoid bones below the distal articular extremity of the 
metatarsals. 


History. The dental and cranial characters of this genus were fully 
described by Dr. Leidy in 1852, as already cited. In the Extinct Mam- 
malia of Dakota and Nebraska, published in 1869, Dr. Leidy added the 
following points in the osteology of the skeleton of the Oreodontide (p. 
72): ‘*What are supposed to be the bones of the forearm and leg are 
discrete, as in the hog, and the bones of the feet correspond in number 
with those of this animal.’’ In 1873* Prof. Marsh confirmed these state- 
ments so far as regards the metacarpal bones, and added that ‘‘the navicu- 
lar and cuboid bones were loesely codssified or separate.’’ The structure 
of the vertebre, and of the greater part of the scapular and pelvic arches, 


* Amer, Journ. Sci. Arts, p. 409. 
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with the carpus, tarsus and feet, with the exceptions above noted, are now 
described for the first time. 

This genus appears first in time in the known history of the family, and 
presents us with its primitive or least specialized characters, or those 
nearest the average condition of the ordinary primitive ungulate. 

Species. The species of this genus are difficult to discriminate from the 
evidence of crania alone, and their true number will remain uncertain 
until we can study entire skeletons. My material enables me to make 
some progress in this direction. After the removal of the forms with in- 
flated bulle to the genus Hucrotaphus, there remain the two species origi- 
nally referred to Oreodon by Leidy, the O. culbertsoni and the O. gracilis. 
To these Leidy subsequently added two others, the 0. afinis, which is in- 
termediate in size between the two named, and the O. hybridus, of larger 
size than either. As the condition of the otic bulle in the last is unknown, 
its generic reference is not certain. AJ] these forms are from the White 
River epoch of Dakota, Nebraska and Wyoming. 

My material is largely from the White River beds of Colorado. I find 
from this region the true 0. gracilis and the O. culbertsoné, abundantly 
represented. Besides these there is a form intermediate between the 0. 
gracilis and the O. affinis, which is nearer the former than the latter. Of 
O. gracilis there are two skulls complete ; of the form next larger, which 
I call O. gracilis coloradoénsis, two complete crania (one with skeleton), 
and a face with teeth. Of-a form between the 0. afinis and the 0. 
culbertsoni, there are four skulls complete (two with skeletons) ; and of 
O. culbertsoni proper, numerous parts of skulls with teeth, but none com- 
plete. No other regions which I have explored have produced these 
species ; not even the Ticholeptus beds, where they might have been rea- 
sonably expected to occur. 

The distinction of the previously known species will remain as Leidy 
has left it, with certain reservations in the matter of dimensions ; while I 
add two sub-species. 


Nasal bones obtuse posteriorly ; frontals little produced on 

either side of them ; true molar teeth not exceeding M. .035 

in length; canine and premolars .030 ; width of front .046. 0. gracilis. 
Nasal bones obtuse posteriorly, frontals little produced on 

either side of them ; true molar teeth not.exceeding .037 in 

length ; canine and premolars .039 ; width of front at middle 

GF IES Coico bn 6k bbcds pe padduesec ence nses’s 0. coloradoénsis. 
Nasal bones obtuse posteriorly, frontals little produced on 

either side of them; true molar teeth not exceeding .038 ; 

front at orbits .057 in width. ................ beste sviese® O. affinis, 
Nasal bones acute posteriorly ; frontal produced to an acute © 

apex on each side of them; molar teeth .040; front, .056. 

O. periculorum. 

Nasals and frontals as last ; molar teeth .047 ; front, .050+-.. O. culdertsoni. 
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From this table it may be seen that the passage from the small 0. 
gracile to the large O. culbertsoni is accomplished by a series of inter- 
mediate steps. That these extreme forms belong to one species cannot be 
admitted without evidence of more complete transition than we yet 
possess. As above remarked, groups of specimens represent each form 
and adhere to the definitions given with considerable fidelity. The largest 
of the specimens I refer to, the form 0. periculorum, however, reaches 
.042 in the length of the true molar teeth, and the smallest of the 0. 
culbertsont measures .046. These I must consider as sub-species only. As 
regards the three remaining forms the length of the true molar series 
shows a complete gradation. The size of the cranium, as indicated by the 
interorbital width, is in the O. afinis as large as that of the O. culbertsont 
according to Leidy, and the combination of characters presented by this 
form, would seem to entitle it to specific rank as suggested by Leidy. On 
the other hand the form coloradoénsis agrees in interorbital width with the 
small 0. gracilis, differing from it in the greater length of the muzzle and 
of the cranium. But here, while the proportions of the premolar teeth 
distinguish the forms well, the length of the brain-case does net coincide 
exactly with the other measurements. The measurements of four skulls 
are as follows: O. gracilis No. 1, length of skull M. 114.5; No. 2, .180. 
O. coloradonésis No. 1, .129; No. 2, .135. 


Oreodon gracilis Leidy. 

Proceedings Academy Philada., 1851, 239 ; 1858, 392; 1854, 157; 1857, 
89 ; Owen’s Report Geolog. Survey, 1852, 550, Pl. XI, figs. 2-3 ; Pl. XIII, 
figs. 5-6. Ancient Fauna Nebraska 1853, p. 53, Pl. V, figs. 3-4; VI, figs. 
1-7. Extinct Fauna Dakota and Nebraska, 1869, 94, Pl. VI, figs. 2-3. 

Abundant in the White River beds of Dakota, Nebraska, Colorado and 
Wyoming. 

The two sub-species are distinguished as follows : 

Length of superior premolar series, M. .023 . 0. g. gracilis 
Length of superior premolar series, M. .029 O. g. coloradoénsis. 


Oreodon gracilis gracilis Leidy. 
Dakota, Nebraska and Colorado. 


Oreodon gracilis coloradoénsis Cope. 
Colorado. 


Oreodon affinis Leidy. 
Extinct Mammalia Dakota and Nebraska, p. 105 ; Pl. IX, fig. 3. 
Probably from the White River beds of Nebraska. 


Oreodon culbertsoni Leidy. 

Owen’s Report Geological Survey, 1852, 548, Pl. X, figs. 4-6; XIII, 
figs. 3-4; Ancient Fauna Nebraska, Smithsonian Contrib. to Knowledge, 
1853, 45; Pl. II, Ill, IV, figs. 1-5, V, figs. 1-2, VI, figs. 8-11 ; Proceeds. 
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Academy Philada., 1853, 392 ; 1854, 35, 157; 1857,89; Bronn Lethxa 
Geognostica, 1856, 930. Extinct Fauna Dakota and Nebraska, 1869, p .86 ; 
Pl. VI, fig. 1; VII fig. 2; IX, figs. 1-2. Merycoidodon culbertsoni Leidy, 
Proceeds. Acad. Phila., 1848, 47, Pl. 1I; 1850, 121; 1851, 239. Oreodon 
priscum Leidy, Proceed. Phila., Academy 1851, 238; Cotylops speciosa 
Leidy, Ibidem 239 ; Oreodon robustum Leidy, Ibidem 276. 

The White River epoch of Dakota, Nebraska, Colorado and Wyoming. 

The two sub-species are defined as follows : 


Length of superior true molar series from M. .040 to .042. .......... eee 
O. c. periculorum. 
Length of superior true molar series from .046 to .050.... 0. c. eulbertsont. 


Oreodon culbertsoni periculorum Cope. 


This smaller race or sub-species has as yet only been found in the 
White River beds of Colorado and Wyoming. I do not detect any differ- 
ences between it and the Nebraska form other than those of size. The 
largest measurement of the O. c. culberisoni given in the above table is 
derived from Leidy ; my largest specimen gives .047 as the length of the 
true molar series. 


Oreodon culbertsoni culbertsoni Leidy. 


Very abundant in the White River formation of Dakota, Nebraska, 
Colorado and Wyoming. 


EUCROTAPHUS Leidy. 


Proceedings Academy Philada., 1850, p. 92. Ancient Fauna of Nebraska, 
Smithsonian Contrib. to Knowledge, 1853, p. 56. Hporeodon Marsh, Amer. 
Journ. Sci. Arts, Vol. ix, 1875, p. 249. 

Premaxillary bones distinct from each other. Otic bulla swollen. No 
prelachrymal or nasal vacuities. 

This genus presents us with the first step in the series of modifications 
which the primitive form underwent with the advance of geological time. 
It appeared contemporaneously with the earliest representatives of the 
family, ¢. ¢., in the White River epoch, but in small numbers. In the 
succeeding or John Day epoch the genus Oreodon had disappeared, and 
the present form had multiplied enormously in individuals, if not in 
species. Subsequent to that epoch it is unknown. 

The greater number of the Oreodont remains found in Oregon belong to 
this genus. The Hucrotaphus jacksoni bore the same relation to the Oregon 
John Day fauna, as the Oreodon culbertsoni did to that of the White River 
epoch. , 

The species of Eucrotaphus are distinguished as follows : 


L. Palatonareal border well posterior to posterior edge of maxillary 
bones. 
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a. Infraorbital foramen above front of P-m. iii. 
Skull depressed, muzzle short; paroccipital process behind 
bulla and not separated from it by grooves; bulla grooved 
to apex for styloid ligament, etc. ; zygoma more robust. 
EZ. trigonocephatus. 
II. Palatonareal border in line with posterior edges of maxillary bones. 
aa. Infracrbital foramen above posterior part of third premolar. 
Paroccipital process behind otic bulla, the internal border of 
its base opposite that of the bulla. .. 
Paroccipital process external to the middle of the otic bulla ; 
generally larger. .... 


The name here employed for this genus is the one first given with a 
definition. The typical species, H. jacksoni, was widely distributed, and 
appears under several varietal forms and sizes, some of which have re- 
ceived names. Subsequently to the original description, Dr. Leidy added 
to the genus a second species, which probably belongs to the genus 
Agriocherus. On this account Leidy inclined at one time to combine the 
two genera, but afterwards abandoned the idea. 


Eucrotaphus trigonocephalus, sp. nov. 

This distinct form is only known to me from a single skull of an old 
animal. In the character of its otic bulla it has resemblance to the species 
of Agriocherus, while the maxillary part of the skull has the posterior 
position of a true Oreodon. : 

The muzzle is rather depressed, and the premaxillary alveolar border is 
almost transverse. The position of the canine alveolus is swollen later- 
ally, and between it and the infraorbital foramen the side of the face is 
slightly concave. The expansion leading to the malar bone commences as 
the posterior slope of the concavity mentioned, and spreads laterally, without 
interruption, beginning to project beyond the superior alveolar border at 
the fourth superior premolar. In the Z. jacksoni this is not apparent 
anterior to the first true molar. The top of the muzzle and the front are 
wider than in that species, and are gently concave in the transverse direc- 
tion. The anterior temporal ridges are well defined, and concave in out- 
line, uniting early to form a prominent sagittal crest. The malar bone is 
a little concave below the orbit. The malar process of the maxillary pro- 
jects downwards in an obtuse angle, opposite the penultimate superior 
molar. In Z. jacksoni the malar is convex, and the tuberosity is opposite 
the last molar. The squamosal process is deeper than in the Z. jacksoni, 
and sends a more robust apex into the malar bone, the apex not extending 
in front of the posterior border of the orbit. The supraoccipital crests are 
well developed, and project beyond the vertical plane of the condyles ; 
they continue into well marked posttemporal crests, as in the other species 
of the genus, as well as send an obtuse ridge downwards on each side to- 
wards the foramen magnum. The median supraoccipital plane disappears 
downwards in a wedge-shaped apex, which causes the transverse section 
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above the foramen magnum to be obtuse angulate instead of broadly 
flattened as in HZ. jacksoni. The mastoid crests are roughened and are 
vertical, but do not continue directly into the paroccipital processes, but 
are separated from them by a deep excavation of the external margin, 
due to the internal position of the base of the process. 

The long diameter of the base of the paroccipital process runs outwards 
and backwards, and it is attached to the bulla at the middle of the posterior 
extremity without any intervening grooves such as are seen in the other 
species of the genus. The bulle are ovoidal in anteroposterior section, the 
regularity interrupted, however, by the presence of a ridge on the exter- 
nal side directed posteriorly, enclosing a groove which is continuous with 
the stylohyoid fossa. The ridge continues into the inferior crest of the 
tympanic bone. The sphenoid bone is regularly convex in transverse sec- 
tion, while the basioccipital is concave on each side with a narrow median 
keel, which commences opposite the anterior edge of the paroccipital pro- 
cesses. The basicranial axis is not quite in line with the basifacial, but 
does not present such an angle with it as is seen in the species of Mery- 
cocheerus, where the skull is known to me. In this respect it agrees with 
the other species of the genus. The postglenoid processes are less promi- 
nent than in Z. jacksoni, but have a base more widely extended outwards. 
The external border is very oblique, since the apex is narrowed. The 
glenoid region is more extended, both transversely and anteroposteriorly 
than in the Z. jacksoni. The anterior border is continued as an alisphe- 
noid angle which becomes prominent, and overhangs the foramen ro- 
tundum. The descending alisphenoid ridge commences within the anter- 
ior border of the foramen ovale. The pterygoid angle is anterior to the 
middle of the palatosphenoid wall of the nareal foramen, and in front of 
it the edge of the processus pyramidalis is marked by a shallow fossa or 
mark of insertion of the internal pterygoid muscle. The nareopalatal 
border is as far posterior to the line connecting the posterior edges of the 
maxillaries as the width of the second molar tooth. The palate is every- 
where nearly flat. The malar bones spread well away from the maxillaries 
on each side, the anterior border of the zygomatic foramen being a seg- 
ment of a circle. The squamosal part of the zygoma is more widely ex- 
panded than the malar part. In Z. jacksoni the shape of the zygomatic 
foramen is quite different. Its anterior outline is interrupted by the pro- 
jection of the maxillary bone posteriorly, which gives its anterior outline 
a bilobate form. It is longer than wide in that species, and wider than 
long in the Z. trigonocephalus. 

The infraorbital foramen is small. There are two lachrymal foramina ; 
one larger, within the preorbital border, the other smaller, below the 
tuberosity on the rim of the orbit. The frontal foramina are separated by 
a space equal to one-fourth the entire frontal width. The supraorbital 
notches are wanting. The preorbital fosse are well marked, are distinctly 
defined above, and extend as far as the anterior border of the lachrymal 
bone. The orbit is round, and looks upwards as well as outwards and 
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forwards, on account of the prominence of the zygomatic arch. There 
are two postparietal foramina, one below and behind, the other on the 
parieto-squamosal suture. The mastoid foramen is not small. The incisive 
foramina are large, are longer than wide, and are separated by a rather 
wide isthmus. The palatine foramina are opposite the third premolars. 
There is a foramen immediately below the postfrontal process. The optic 
foramen issues posterior to the line of the posterior border of the orbit, 
and in front of the anteroinferior angle of the alisphenoid. The 
foramen rotundum is large and round, and is immediately below and 
within the ridge above mentioned, and is not overhung by a transverse 
ridge of the same, as in the species of Meryeocherus known to me. 
The f. rotundum doubtless includes the f. sphenoGdrbitale. The f. 
ovale is smaller and is separated by a considerable interval from the f. 
lacerum. The latter is subtriangular in form and is rather small, since 
the base of the otic bulla is in close sutural contact with the sphenoid 
and basioccipital for a considerable distance. The f. jugulare is sub- 
triangular in outline and is smaller than the f. rotundum. It is entirely 
distinct from the f. condyloideum, which is the size of the f. ovale. No 
f. supraglenoideum. In comparing these foramina with those of the 
E. jacksoni, a general resemblance is to be seen. The frontal fora- 
mina in that species are generally closer together than in Z. trigonocepha- 
lus, and the palatine foramen is generally opposite the fourth premolar in- 
stead of the third. The foramen magnum is slightly notched on its 
superior border in both. 

The posterior outline of the nasal bones is truncate; it is more or less 
acuminate in all the specimens of ZH. jacksoni and ZH. major accessible to 
me. The prolongation of the frontal on either side of the nagais is also 
short and truncate in this species, and narrow and acuminate in the Z. 
jacksoni and 2. major. The lachrymal is deeper than long ; in the species 
last named it is of variable size and form, but is usually as long as deep. 
There is no distinct ridge along the parieto-squamosal suture. The ali- 
sphenoid has a considerable contact with the pariétal. The palatomaxil- 
lary suture is irregularly convex backwards on each side of the median 
line. It crosses the palate as in the ZH. jacksoni, at the front of the second 
maxillary tooth. 

The teeth are much worn, and the first and last true molars with several 
of the premolars have been lost, indicating the age of the animal. The 
incisors are small and have round roots. The canines are large and of 
the usual form. The space between them and the first premolar is short. 
The fourth premolar is small. The second true molar is wider than long, 
and has no internal cingulum except between the lobes, and has a trace of 


anterior cingulum. 
Measurements. M. 


Axial length from occipital condyles to premaxillary 
BOCES so cccceccvcccscee paddinns esacbwdepesseresetec 187 
Axial length from occipital condyles to postglenoid pro- 





517 


Measurements. M. 
Axial length from occipital condyle to postfrontal pro- 

On vstatiscixtbeetedeks grit teste sees eee eeeeees .076 
Axial length from occipital condyle to palatonareal bor- 

GOES oth Pin Ree Ann eCh Ee 98 Kane ooceé cease .079 
Axial length from occipital condyle to end of last molar. .091 
ROUNDS. ooh. oh dnd beh é<. ane 
IDG i ots -o5 60 cassanieeeeces .027 
Depth malar bone at middle of orbit.................. .016 

‘* zygomatic process posteriorly to glenoid face.... .028 
‘* skull (right angles to profile) at glenoid face.... .045 

2 a Ws ap ki Kaka .046 

vas as " - Bins cesses 030 
Elevation of occiput from foramen magnum........... .044 
Width top of muzzle at preorbital fosse. .............. .040 

‘* at middle of supraorbital border. .............. .059 

Ot OE OOERE WOON oo 50k Ries RAS ee ee Ks .075 
EN ROR OHM do 6 <0 cee we asivas Siebes .110 
** zygomatic process of squamosal.............. .145 
of cocipat at Coma yIes. 2... .ceseiecsiscccocssee « 066 
** occipital condyles... ......cccccesccvescscscce « 039 
‘* palate at palatonareal foramen............... .028 
OM Re Ubhe tos bite e Jaa SMa pwan ode RASS 38 .032 

A Ee EG 5s annie se Giaae namie soe wor 
Length of superior dental series with canines.......... 088 

= CIE iia FAs epee hse” eens 6o .047 

fy OS ey Ns de tigisid see ediycn tags .036 
anteroposterior............ .009 
CFANSVETEC.. 26. cccceessse- -010 
f anteroposterior ................ .009 

transverse -018 
anteroposterior. ........ on hinanaanes .014 
IE Ss 6.05 bacon cane nccdeevin .018 


Diameters of orbit ; 


se 


Diameters canine at base { 
Diameters P-m. iv. 
Diameters M. ii. 


The typical specimen of this species was found by Charles H. Sternberg 
on the North Fork of the John Day river. The horizon is probably some- 
what different from that of the true John Day epoch. 


Eucrotaphus jacksoni Leidy. 

Proceedings Academy Philadelphia, 1850, p. 92. Ancient Fauna of Ne- 
braska, Smithsonian Contributions to Knowledge, 1852, p. 56, Plate VII, 
figs. 4-6. Oreodon bullatus Leidy, Extinct Mamm., Dakota and Nebraska, 
1869, p. 106. Report U. 8. Geol. Survey, Terrs. 1873, I, p. 318. Oreodon 
occidentalis Marsh, Amer. Journal Sci. Arts, 1873 (May), p. 409. Zpor- 
eodon occidentalis Marsh, Loc. cit., 1875, p. 250. Hucrotaphus occidentalis 
Cope, Bulletin U. 8. Geol. Survey Terrs., V, p. 59. 

Comparison of numbers of crania from the White river and John Day 
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formations fails to reveal any characters distinguishing them as more than 
one species. In fact the variation in various respects is greater among the 
individuals of the John Day epoch, than between those of the two epochs. 
This was by far the most abundant mammal of the John Day epoch 
while it appears to have been rare during that of the White River. 
Specimens differ in the size of the preorbital fossa irrespective of other 

differences. In some specimens it is wide and profound, including the 
lachrymal bone ; in others it is less extensive and is shallow, involving but 
part of the lachrymal. It is never wanting or obscure. For estimation of 
other characters, I select ten crania, nine from Oregon and one from 
Dakota, as expressing the greatest range of variation. Of these, three 
display a peculiarity in the form of the otic bulla. Instead of being con- 
tracted backwards in front, it is protuberant and full at its inferior anterior 
part. Five other crania, agreeing with these three in other respects, 
possess the normal form of bulla. In one cranium, which is rather more 
robust than the others, the infraorbital foramen is a little posterior to its 
usual position, being above the anterior part of the fourth premolar. 
This tooth is also distinctly smaller than in other specimens of otherwise 
similar dimensions. The majority of specimens range nearly alike in 
dimensions, but there are forms distinctly larger and smaller, which may 
represent distinct species. This question can be better decided when the 
skeletons are known. I give three sub-species which are defined as fol- 
lows : 
Length of cranium M. .197; of molar series M. .086; long 

diameter of base of paroccipital process transverse ; its pos- 

eg ee er errr rere Si Gwdehen ev eden E. j. jacksont. 
Length of cranium M. .219 ; of molar series M. .091 ; paroccipi- 

ta] process as above 
Length of cranium, M. .235; of molar series, M. .099; paroc- 

cipital process strongly compressed, its posterior base an- 

gulate on, the middle line EZ. j. leptacanthus. 

The above measurements of length are made from the occipital condyles 

to the premaxillary border inclusive. 


The three forms may represent good species. The Z. j. jacksoni is of the 
size of the Oreodon culbertsoni ; the Z. j. leptacanthus is larger than the Z. 
major, while the Z. j. pacificus is intermediate between the two. 


Eucrotaphus jacksoni jacksoni Leidy. 


The typical specimen of the Oreodon bullatus Leidy agrees so nearly with 
the original type of Hucrotaphus jacksoni, that I cannot doubt their pert- 
inence to the same species. There are two specimens in the collection of 
the Philadelphia Academy, besides the last named, and at least one in the 
museum at Princeton. A specimen from the John Day, Oregon, cannot 
be distinguished from these. It agrees with Marsh’s measurements and 
description of his Oreodon occidentalis, and no doubt represents it. Its 
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identity with his 0. dullatus has already been surmised by Leidy (Report 
U. 8. Geol. Survey Terrs., I, p. 318). 


Eucrotaphus jackseni pacificus Cope. 


This form is materially larger than the last named, equaling in dimen- 
sions and resembling in general form the Hucrotaphus major Leidy, of 
the White River beds. It is no doubt the form which has been identified 
under that name by Leidy in his report on John Day Fossils in the Report 
of the U. 8. Geological Survey of the Territories, Vol. I. It is different 
from that animal in the form and position of the paroccipital process, as 
already pointed out. I have eight crania disengaged from the matrix 
which agree in dimensions and other characters assigned to this sub-spe- 
cies. In one of them the paroccipital process presents an approach to the 
form of that of the Z. j. leptacanthus. A specimen from the White Buttes 
of Central Dakota agrees with those from Oregon in all the essential 
characters, and is the second one of the sub-species I have seen which is 
not Oregonian. I have many crenia of this sub-species not yet entirely 
cleared of matrix. 

From John Day river and Crooked river, Oregon ; C. H. Sternberg and 
J. L. Wortman ; White river of Nebraska, Mus. Princeton. 


Eucrotaphus jacksoni leptacanthus Cope. 

This is the largest form of the genus, exceeding the typical ZH. major in 
the length of the skull by 23 mm. It is thus far represented in my collec- 
tion by two very perfect crania. There is considerable reason for antici- 
pating that this form will turn out to be a valid species. Besides the pecu- 
liar form of the paroccipital processes, the typical specimen presents the 
following characters : 

The frontal] region is flatter than in the two other sub-species, and is 
concave on the median line in transverse section. This concavity is 
probably partly abnormal. The profile of the sagittal crest instead of pre- 
senting a gently convex outline, is concave, rising posteriorly. The lateral 
occipita] crests instead of being angulate are truncate behind, and the in- 
ferior angle projects much beyond the vertical line of the occipital con- 
dyles. As this part is broken off in most of my specimens of the Z. j. 
pacificus, I cannot decide as to its value. The inferior carina of the tym- 
panic bone extends forwards to contact with the internal extremity of the 
postglenoid process. It does the same in the Oregon specimen of Z. j. 
jacksoni, and in the Dakota specimen of the Z. j. pacificus. In two of 
the latter, from Oregon, where the part is cleaned, the keel does not extend 
so far forwards or inwards. 

The typical specimen is from the John Day beds of John Day river, 
Oregon, and was found by Jacob L. Wortman. 


Eucrotaphus major Leidy. 


Oreodon major Leidy, Ancient Fauna of Nebraska, 1853, p. 55, Pl. IV, 
fig. 6. Proceedings Academy Philadelphia, 1853, 398 ; 1856, 164 ; 1857, 89. 


PROC, AMER. PHILOS. SOC. xxt. 116. 3N. PRINTED JUNE 9, 1884. 
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Extinct Mammalia, Dakota and Nebraska, 1869, p. 99, Pl. VII, fig. i; 
VIII. Hpereodon major Marsh, Am. Journ. Sci. Arts, 1875, p. 250. 

I find this species to differ in the external position of the paroccipital 
process, as related to the otic bulla, from the Z. jacksoni. I might add that 
it differs in dimensions from all excepting the EZ. jacksoni pacificeus. In 
the 2. jacksoni the base of the paroccipital process is in the same line as 
the interior base of the otic bulla. In the Oregon form of the Z. major 
the base of the paroccipital process is much flattened, so as to be trans- 
verse, and its internal border is on the external side of the extremity of the 
large swollen bulla. This species differs also from the ZH. jacksoné in the 
median vertical carina of the occipital bone above the foramen magnum, 
a region which is in the Z. jacksoni broadly flattened. Besides these 
points I do not notice any divergence from the Z. jacksoni, with which it 
agrees in the various characters in which the latter differs from the Z. 
trigonocephalus. 

The Nebraska and Oregon forms do not agree in all respects. Thus, 
while the dimensions of the dental series are the same in both, the frontal 
region is more elongate in the Oregon animal, giving greater length to the 
skull. The third superior premolar has a somewhat different form in the 
two. They may then be characterized as follows : 

Dental series M. .125 ; skull .224 ; third superior premolar, sub- 
triangular BE. m. major. 
Dental series M. .125 ; skul) .240 ; third superior premolar sub- 
CI hohe nn Caskedwans nine vbeatong oo ca.gcapee E. m. longifrons. 


Eucrotaphus major major Leidy. 
Known only as yet from the White River epoch of Nebraska and Dakota. 


Eucrotaphus major longifrons Cope. 

Known from a single skull from the North Fork of the John Day river, 
Oregon, found by Charles H. Sternberg. It may be observed here that 
the Oreodontide of this locality are mostly distinct from the species of 
the John Day river proper. 


MERYCOCHERUS Leidy. 


Report U. 8. Geol. Survey Terrs., I, 1873, p. 202. Bettany, Quart. 
Journ. Geol. Soc. London, 1876, p. 262 ; Cope, American Naturalist, 1884, 
p. 281. Leidy, Extinct Mammalia of Dakota and Nebraska, 1869, p. 110 
(nomen nudum). Proceedings Academy Philadelphia, 1858, p. 24 
(nomen nudum). 

As indicated in the analytical table at the head of this article, I can only 
distinguish this genus from Hucrotaphus by the confluence of the pre- 
maxillary bones. The position of the external infraorbital foramen can- 
not be regarded as furnishing generic characters, especially as it. displays 
considerable variation and gradation. Some of the species are in this 
respect quite identical with species of Merychyus (M. superbus), while others 
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possess the widely different position ascribed to this genus by Leidy. Few 
if any of the characters given by Mr. Bettany as those of the genus, can 
be regarded as other than characters common to several of its species. 
Perhaps the most important of these is the angle formed by the basifacial 
with the basicranial axis, by which the face is presented as much forwards 
as upwards. The species present considerable variety in form. The ge- 
nus embraces the largest species of the family, such as M. macrostegus, M. 
superbus, etc. The characters of the species are as follows : 


I. Foramen infraorbitale above middle of fourth superior premolar ; pos- 
terior part of zygoma expanded ; palate moderately produced posteriorly. 
Squamosal part of zygoma less expanded anteriorly and with 

rounded border; head elongated; premaxillary bone not 

produced ; otic bulla larger, compressed, extending anterior 

to postglenoid process ; size large M. superbus, 
Head shortened occipitally, so that a line drawn through post- 

glenoid and paroccipital processes makes 90° with the 

middle line; malar bone openly grooved below orbit ; 

angle of mandible obliquely truncate. ...... 
Squamosal part of zygoma most expanded in front, and elevated 

behind, so that the cranium is as wide as from the paroccipi- 

tal process to the canine tooth ; its posterior angle rising to a 

level with the sagittal crest; its inferior edge spread out- 

wards ; its superior edge truncated ; occiput not shortened ; 

malar flat below orbit ; postglenoid process marking front 

of bulla iio ales 6 gnleciht A letindht venw bee i aadtadl M. chelydra. 


II. Foramen infraorbitale above the first true molar. Palate greatly 
produced posteriorly. 
Squamosal part of zygoma much expanded, and with truncate 
edge; malar bone robust, prominent; skull, width equal 
length from condyles to first premolar ; maxillary produced 
anteriorly ; frontal plane, transverse diamond-shaped ; 
bulla small, conical, posterior to anterior edge of postglenoid 
-M. macrostegus. 
Squamosal part of zygoma little expanded upwards or lateral- 
ly, edge rounded; malar bone flat; bulla large, extend- 
ing in front of postglenoid process; front longitudinally 
gliamond-shaped, decurved at orbit 
III. Foramen infraorbitale above anterior border of second 
true molar. 
Zygoma originating above second molar; large; incisors 
small (fide Leidy). ...........ccecese dnomege ij 
Zygoma originating above third true molar; larger; incisors 
large (fide Leidy) 


Of the above seven species, four are represented in my collection, some 
of them by a large amount of material. The latter are from the John 
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Day and Ticholeptus Miocene horizons. The M. rusticus of Leidy is only 
known to me from the descriptions of that author. It is from the Sweet- 
water river, Wyoming, from a bed of probably Ticholeptus age. The 
M. proprius Leidy, also unknown to me by autopsy, is from the head ot 
the Niobrara river, Nebraska, from a bed said by Hayden to be inter- 
mediate between the Oreodon or White River and Procamelus, or Loup 
Fork horizons, and therefore probably ot Ticholeptus age also. The /. 
leidyi I only know from the description of Mr. Bettany. It is from the 
John Day beds. Mr. Bettany also describes an M. temporalis, which I 
cannot distinguish from the M. superbus Leidy. 


Merycocherus superbus Leidy. 


Oreodon superbus Leidy, Proceedings Academy Philadelphia, 1870, p. 
109. Extinct Mam. fauna, Dakota and Nebraska, 1869, p. 211; Plate I, 
fig. 1; II, fig. 16; VII, figs. 7-11. M. temporalis Bettany, Quar. Journ. 
Geol. Soc., London, 1876, xxii, p. 269; Pl. XVII. 

Of this fine species I have nine crania extracted from the matrix, and 
a good many not yet cleaned. As the specimen described by Leidy is in 
a very imperfect condition, the characters of the species, and even its 
generic position, have remained hitherto very obscure. 

As compared with the allied species, the M. superbus is slightly exceeded 
in size by the M. macrostegus and M. montanus. Its posterior zygo- 
matic expansion is less pronounced than in the M. macrostegue and M. 
chelydra, and its border is rounded, even when, as is sometimes the case, 
it is greatly thickened. In the first and last named of the above species, 
its border is separated by a distinct angle from both the internal and ex- 
ternal faces, forming thus a distinct truncate face which looks upwards. 
The otic bulla is larger than in the two species mentioned, and extends 
anterior to the postglenoid process. The nareal fissure extends well down 
towards the alveolar border of the premaxillaries, which are therefore 
more extensively separated than Leidy represents to be the case in the &. 
rusticus. The external face of the malar bone below the orbits is flat. 
The anterior extremity of the zygomatic process is not so prominent as in 
M. chelydra, and is rounded instead of being flared out below, as in that 
species. The greatest width of the skull is at the glenoid surfaces, and 
not anterior to them, as in M. chelydra. In only one of seven crania, 
where the parts are preserved, does the pesterior squaimosal angle rise as 
high as the sagittal crest. 

I cannot detect any difference between the specimen described by Mr. 
Bettany as the type of his M. temporalis, and those of the M. superbus 
in my possession. The shallowness of the preorbital fossa described by 
Mr. Bettany is repeated in one of my crania, and its depth is very vari- 
able in the others. As regards the Mf. leidyi of Bettany, I have none ex- 
actly like it, although the type specimen does not differ much from the 
M. suverbus, to judge from the figure and description given in the Quarter- 
ly Journal of the Geological Society, 1876, p. 270. The two distinctive 
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characters, which appear most tangible among those mentioned by Mr. 
Bettany, the shortness of the occipital region, as measured by the angle 
made by a Jine drawn through the postglenoid and paroccipital processes, 
with the middle line, and second, the grooved character of the sub- 
orbital part of the malar bone, are not found in any of my specimens of 
M. superbus. The anterior extremity of the squamosal process of the 
zygoma is protuberant in one of them, as in the M. leidyi. Another char- 
acter is suggested by Mr. Bettany’s figure, but is not mentioned in the 
text. The angular border of the mandibular ramus extends obliquely 
forwards instead of being prominently convex as in the best preserved 
entire mandible of the M. superbus in my possession. Nevertheless in 
another specimen, where a good deal of the posterior border is preserved, 
the outline is nearly as oblique as in the ¥. leidyi. The species, however, 
is distinct so far as now known. 

John Day epoch, Oregon, C. H. Sternberg and J. L. Wortman. Local- 
ities, John Day river, Bridge creek, and Camp creek of Crooked river. 


Merycocherus leidyi Bettany. 

Quarterly Journal of the Geological Society of London, xxxi, 1875, 
p. 270; Plate XVIII. 

Defined and discussed under the preceding species. 

John Day epoch, Oregon ; Lord Walsingham. John Day river. 


Merycocheerus chelydra, sp. nov. 


This species is known to me by a skull without mandible, which is 
entire, except that the extremity of the nasals and the border of the pre- 
maxillary bones are broken off. It is unfortunate that I have no second 
skull to confirm its characters, but my numerous specimens of the I. 
superbus, to which it is. most nearly allied, do not present any approxima- 
tions which suggest transitions between the two. 

The striking character of this cranium is its great breadth at the tem- 
poral region, as compared with its length and other dimensions. The 
forms of the otic bulla differ from those of the M. superbus. One method 
of expressing the width of the skull is as follows. The point of the frontal 
bone which is equidistant from the supraoccipital notch and the external 
edge of the zygomatic arch, measured in a horizontal plane, is directly 
above the posterior or nareal palatal border, when the skull rests on the 
teeth. In the M. superbus, in the most robust examples, this point is above 
a point which is a good deal nearer to the line of the anterior edge of the 
glenoid surfaces than to the palatal border, and at least 30mm. posterior 
to the latter. That this relative shortness of the basicranial axis is not 
due to a shortening posterior to the gleroid surfaces, as is the case in ¥. 
leidyi Bett., is proven by the fact that a line drawn through the postglenoid 
and paroccipital process makes an angle of 90° with the middle line, as 
in M, superbus. 

The muzzle is compressed and its superior surface is regularly rounded 
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The side is divided by the gentle convexity continued forwards from the 
malar region. Below this and above the premolars the face is concave. 
Above it the preorbital fossa is well marked, though not deep, and gradu- 
ally fades out anteriorly. The interorbital region is flat, as in M. macroste- 
gus, and the supraorbital border is not decurved, as it is in M. superbus and 
M. montanus. The supraorbital and preorbital borders of the front are, 
however, not continudus as in M. macrostegus, though nearly in the 
same line, which they are not in M. superbus.. The orbits are more ublique 
than in M. superbus, looking more upwards and forwards, and their verti- 
ca] exceeds their transverse diameter. The malar bone though oblique, is 
more vertical than the orbit below the latter, and has an uninterrupted 
gently concave surface. The postorbital bridge is narrow, and consists 
one-half of the malar and one-half of the frontal bones. The inferior edge 
of the malar is thin and is slightly convex downwards, and passes behind 
the protuberant squamosal at a point behind the line of the postfrontal pro- 
cess. The anterior extremity of the squamosal is not protuberant below the 
orbit and only begins to rise gradually below the line of the postfrontal 
process. It then expands rapidly downwards and outwards in a strong 
curve, with its flat surface looking upwards as much as outwards. After 
making a short downward turn it rises steeply, contracting gradually in- 
wards, and presenting a convexity posteriorly, with its truncate edge 
looking outwards. Its apex is nearly on a level with the sagittal crest. 
The inner or descending edge of this process is concave, so that the apex 
overhangs a little the posterior outlet of the temporal fossa. The anterior 
temporal angles are strongly marked and unite into a sagittal crest. The 
edge of the crest is thickened, so that its section is a letter T. 

The supraoccipital bone presents a wide flat convexity above the foramen 
magnum, in‘distinction from the stronger convexity of M. superbus, and 
the still stronger of the M. macrostegus and M. montanus. As in the other 
species, the posttemporal (= lateral occipital) crests are only present 
at the upper half of the occiput. Between them there are two ligamen- 
tous or tendinous insertions, but no median keel. The exoccipital and 
posttympanic borders form a tuberosity below the meatus auditorius, which 
passes upwards into a short convex posttemporal crest. The paroccipital 
process nearly reaches the postglenoid by its anterior external edge. The 
tympanic is complete, is not keeled below, and extends itself as a lamina 
over the posterior side of the postglenoid process. The section of the 
basioccipital is open V-shaped. The inferior flat surface of the sphenoid 
is produced backwards in a wedge-shaped prominence to a line connect- 
ing the anterior edges of the paroccipital processes, It has the same form 
in M. macrostegus, but in three skulls of M. superbus, where it is visible, 
the apex of the wedge does not extend posterior to the middle of the otic 
bulle. The bulle are small and subconical, and reach as far as the ante- 
rior edge of the postglenoid process. In the latter the transverse diam- 
eter exceeds the anteroposterior, which exceeds the vertical diameter. 
This process and the otic bulla are of about equal protuberance. In four 
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crania of the M. superbus, where both are well preserved and exposed, the 
bulla is considerably more prominent than the postglenoid process. The 
glenoid surface is well-defined and equally wide at both extremities. The 
inferiorly presented surface of the zygomatic arch, is wider than in any of 
the other species, including examples of . superbus of superior dimensions 
in other respects. The surface is rugose. The length from a line connect- 
ing the median external columns of the last superior molar, to the poste- 
rior nareal border, enters three times into the distance from the latter to 
the border of the foramen magnum. In M. superbus it goes three to three 
and a half times; in MZ macrostegus and M. montanus once only. Be- 
hind the molars the produced palatal roof is more concave than between 
the last two true molars. The palate becomes then more concave (convex), 
and between the first premolars and canines becomes flat, and expands 
laterally. The nareal fissure is not much contracted between the pre- 
maxilliaries. 

The infraorbital foramen is above the anterior half of the superior fourth 
premolar, and is of moderate size. The frontal foramina are separated by 
a space which is less than half as wide as that which separates each one 
from the superciliary border. There is no supraorbital notch. The in- 
cisive foramina are large, are wider than long, and approach close to the 
bases of the canine teeth. The palatine foramina are minute or obsolete. 
The foramen ovale is isolated and is opposite the junction of the glenoid 
and postglenoid surfaces. The jugular foramen is isolated by the exten- 
sive contact of the otic bulla and the basicranial axis. Perhaps the 
condyloid foramen is included in it, as I do not find it in the usual position. 
The animal is so old that no sutures are visible. 

The teeth are not all cleared from the matrix, which is hard and brittle. 
The first true molar is much worn. The first premolar is two-rooted, and 
is separated from the canine by a diastema equal in length to the long dia- 
meter of its crown. 


Measurements. M. 


Length from occipital condyle to front of canine tooth. .300 
a as as " ‘* postglenoid process.’. .041 
ay ** postfrontal process. .. .132 
“ ‘* palatonareal border.. .118 
m ‘** end of last molar..... .146 
f vertical. .........+. hk acti adh tee 0455 
N RPATIOVOTER. «6s scree ccecseccseensse s 039 
Depth of malar bone at middle of orbit. .............. .034 
‘« zygomatic process to glenoid face bebind..... .088 
Width of top of muzzle at preorbital fossa ............ .043 
‘* at middle of supraorbital border..... veansde same 094 
00: 94, BUONO PETE AIIEEN, ons ccdncwercsecenecncess> -160 
‘* middle of zygomatic arch. ....... hil ie aia 254 
‘* of occiput at superior crests 


Diameters of orbit 





526 [Jan, 18, 


Measurements. M. 


Elevation of occiput from foramen........-.......+++- .084 
Width of occipital condyles.......... eesecce oc es clew et 063 
Width of occiput at condyles... ............6..0-eeeees -095 
oom of skull at right angles to profile at et face. .095 
“ " pe my - orbit. . -087 
? " ” ah " Pian Beis cos 075 
“nur of superior dental series with canine........... -159 
“ premolar series ......-...--+seee08 -061 
" - true molar series. .............0-05 -065 
{ anteroposterior 
rere ee eee bisde wail .0185 
f anteroposterior .............++-: -016 
Ltransverse. ..... PRLUET a seed cel -020 
anteroposterior. .........++++seeees 0155 
CHOROUOTERS 6 es id cin od SUae eccrine . -090 
WH UF Paene Gb Gite ihe ow dieses cewed cide 044 
” " Pet Bein tats baste sued vedic veel 057 


Diameters M. i 


Diameters of canine 


Diameters P-m. ii ; 


The typical specimen was found on the John Day river, Oregon, by 
Mr. J. L. Wortman. 


Merycocherus macrostegus, sp. nov. 


I have been able to discover in my collection as yet, but one cranium 
with entire mandible of this species. The very marked characters of this 
skull are such that no farther evidence of its reference to a peculiar species 
is needed. Its affinities, as expressed in the analytical key which accom- 
panies the general discussion of this genus, are with the M. montanus. 
This is shown in the posterior positions of the infraorbital foramen, and 
of the posterior nares. As peculiar characters may be added the form of 
the frontal plane and of the otic bulla ; also the prolongation of both the 
premaxillary and supraoccipital regions, and the forms of the zygoma, the 
angle of the mandible, and the first inferior premolar tooth. The skull 
reaches a greater length than that of any species, excepting the M. mon- 
tanus, but is not nearly so robust as in the M. chelydra, resembling in 
this respect rather the M. superbus. 

The muzzle is compressed, and there is a decided concavity just above 
the second premolar, above which the surface is a little convex. Above 
the infraorbital foramen, the face is abruptly convex, the convexity slop- 
ing upwards to the base of the median ridge formed by the convex nasal 
bones. Behind this the side of the face is a plane which slopes outwards 
as it descends, which is only interrupted by the rather small, but well de- 
fined, preorbital fossa. The fossa is better defined in front than in the other 
species, but I do not know whether the character is constant. The front 
is a transverse diamond-shaped area, bounded posteriorly by the anterior 
temporal ridges, and anteriorly by the lines of the supraorbital borders 
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produced to their point of intersection with each other. Such point of 
intersection. is above the second true molar in this species ; in M. superbus 
and M. chelydra it is above the posterior part of the second premolar. The. 
area in these species enclosed by the lines in question is half as long again 
as wide, instead of wider than long by 18mm., This difference is partly 
caused by the greater prominence and flatness of the postorbital angle of 
the frontal bone in the M. macrostegus, and the more anterior direction 
of the orbits, which I may add have none of the tendency to superior 
direction seen in M. chelydra. The wide triangular area thus enclosed on 
its external sides by the orbit and anterior temporal ridges, is perfectly 
flat. Such an area can hardly be defined in the other species, and the 
surface there is rounded and descending. The malar bone is deep, flat 
and a little oblique outwards, and the rim of the orbit projects a little, 
giving it a slight concavity. The orbit is deeper than wide. The anterior 
part of the zygomatic process of the. squamosal is not protuberant below 
the orbit, but gradually rises outwards posteriorly, attaining its greatest 
expansion opposite the middle of the zygomatic foramen ; above, its course 
is for a time parallel with the middle line of the skull. The form of the 
zygomatic arch is more like that of M. chelydra than any other species, 
but it is not so much expanded, especially anteriorly. Its inferior and 
posterior surface is, however, widened, making an angle with the ex- 
ternal or marginal surface, which is in turn separated by an angle from 
the superior and anterior surface ; at the middle of the arch the superior 
surface has a width of 19mm., and the external a width of 23mm. The 
posterior angle rises to the plane of the summit of the sagittal crest, and 
the apex, which is less than a right angle, stands above the external 
base of the postglenoid process. The preglenoid border is not exactly at 
right angles with the middle line, but makes a slight angle outwards and 
forwards. The long diameter of the zygomatic foramen is parallel with 
it. The ridge along the pariétosquamosal suture is insignificent. The 
supraoccipital region is very prominent, and as in the other species of this 
genus is narrowed below by the disappearance of the posterior temporal 
or exoccipital crests. They are continued downwards and disappear, leav- 
ing a wide convex surface above the foramen magnum. This is separated 
by the usual lateral fossa from the posterior temporal angles. 

The codssified mastoid and paroccipital processes much contract the 
auricular fossa below, butdo not close it. The latter is contracted at the 
base of its terminal part, and is distally slender. The otic bulla is the 
smallest known in the genus, it is compressed and oval, and not produced 
beyond the postglenoid processes either forwards, backwards or down- 
wards, in this differing much from the M. montanus. It is separated by 
wide and equal intervals from this process, the glenoid surface, and the 
basisphenoid. It sends a process backwards and inwards to a sutural 
junction with the basioccipital bone. The tympanic bone is flat below, 
and is united with the posterior base of the squamosal by a flat expansion. 
The postglenoid process is robust, and has the height and thickness equal, 
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while the width exceeds both. The basioccipital bone is prominently 
keeled on the middle line, so that the section is a V of a more compressed 
character than the section of the same in M. superbus. The median plane 
of the sphenoid is prominent, and is continued as a wedge with the apex 
opposite the posterior borders of the otic bulle. The palatine borders are 
parallel, except where they form on each side an open angle at the junc- 
tion of the descending process of the sphenoid, which is here directed for- 
wards. Its external border is distinct from that of the palatopterygoid 
plate, and makes a groove with it. The maxillary bone is not produced 
posterior to the notch on either side of the base of the posterior production 
of the palatine bones. The middle line of the latter is deeply concave 
opposite the former, and the palate is also especially concave between the 
first true molars. The palate is_flat between the first and second pre- 
molars. The inferior surface of the squamosal. process of the zygoma is 
roughened for the origin of the masseter muscle. The inferior edge of the 
malar comes from its inner side, and is narrow and with a median groove. 
Its inferior edge is continued as a ridge of the maxillary as far as opposite 
the anterior lobe of the second true molar. The maxillary bones are more 
produced anteriorly than in any of the other species. The apex of the 
nasal bones stands above the posterior border of the canine in this species ; 
above the anterior edge in M. superbus, M. chelydra and M. leidyi (fide 
Bettany). The posterior border of the nares is above the anterior part of 
the first premolar in the three species named, except M. chelydra where it 
is over the posterior edge of the canine : in M. macrostegus it is above the 
posterior edge of the longer first premolar. 

The infraorbital foramen is large, and its posterior border is above the 
anterior root of the first true molar. The incisive foramina are large, and 
each one is a little longer than wide. The nareal opening contracts gradu- 
ally to its inferior apex. There is a considerable maxillary foramen op- 
posite the middle of the fourth superior premolars. The posterior nareal 
is not large ; its anterior outline is regularly concave. Its lateral (sphe- 
noid) borders reach to opposite the anterior faces of the postglenoid pro- 
cesses and bound the foramen ovale on the inner side. The latter is round, 
is rather small, and is opposite the middle of the postglenoid surfaces. 
The foramen rotundum on the other hand is large and vertically oval, 
and is bounded below by a transverse prominence of the base of the ali- 
sphenoid bone. It probably includes the sphenodrbital foramen, a foramen 
anterior to its inferior border probably communicating with the nareal 
chamber. The optic foramen is small, and is situated opposite the ante- 
rior two-fifths of the zygomatic fossa and a little above the line of the 
apex of the foramen ovale. The foramen lacerum is ovoid and not large. 
The posterior foramen lacerum is a transverse sigmoid, one extremity 
being the jugular foramen. The mastoid and postpariétal foramina are 
of moderate and equal sizes. No postsquamosal or supra- or postglenoid 
foramina. 

The animal described is too old to exhibit sutures. 
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The mandible possesses some distinctive characters. The angular 
border is not prominent posteriorly, extends forwards below, and projects 
below the general level of the inferior border of the ramus, Neither of 
these characters is observable in the only ramus of the M. superbus in 
which the lower part of this border is well preserved, but in some others 
of that species the superior part of the border is much as in M. macro- 
stegus. The inferior edge of the ramus is straight, but there is a descend- 
ing tuberosity of the symphysis which may be an individual peculiarity. 
The symphysis is very concave in profile, and the incisive border is pro- 
duced in accordance with the prolonged muzzle. Inthe ¥. superbdus it is 
sometimes convex, sometimes a little sconcave, but not so much so as in 
this jaw. The coronoid processes are small and slightly everted. The 
inner ridge of its anterior base is more prominent than the exterior, and 
encloses a fossa with it. The masseteric fossa is not noticeable. There 
is one large mental foramen below the third premolar. The dental fora- 
men is large and oval, and when the mandible stands on a level surface is 
opposite the middle lobe of the third inferior molar tooth. 

In dentition this species is distinguished by the relatively large size of 
the premolar teeth, of which the first, second and third are two-rooted in 
both jaws. Both the first and second in the upper jaw have short diaste- 
mata anterior and posterior to them, the largest being behind the canine 
tooth, and nearly as long as the premolar’s crown. All the teeth are a 
good deal worn in the specimen. One can see two internal cingula in- 
closing fosse on the third premolar. The true molars increase in size 
rapidly posteriorly and the third has a well-developed external heel. The 
molars have no internal cingula ; these are present in five of seven skulls 
of the M. superbus where these parts are cleaned. The most noteworthy 
point in the mandibular dentition is a very rudimental character of the in- 
ternal vertical ridge of the crown of the first premolar. The posterior 
fossa of the fourth premolar is closed, and the anterior remains open, on 
wearing. In M. superbus both are closed in the specimen where visible. 
The anterior inner wall is represented in the second and third premolars 
by acingulum. No cingula on the true molars.’ First premolar very ro- 
bust, its section lenticular. 

Measurements. M. 
Axial length from occipital condyles* to premaxillary 
iba ceieceediccvsigh ve nha cdseeeediiewes B45 
Axial length from occipital condyles to postglenoid pro- 
QUE indices ccccieves vcs qdeebsadedetaiasesnvess bee .045 
Axial length from occipital condyles to postfrontal pro- 
DUE < csidew ss ipdnn sobs soe sFeURRee hace pel bkcgeeesecns 138 
Axial length from occipital condyles to palatonareal 
ON oS SA iis NR eta Kwrawen soak ss -100 
*The occipital condyles are broken off in the specimen, so I measure from the 


superior border of the foramen magnum, which is, in the other species, in the 
vertical line of the occipital condyles. 
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Measurements. 


Axial length trom occipital condyles to end of last mo- 
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Diameters of orbit { VeTtical..... ene done ededecese eves 
( transverse.............+ indi 
Depth malar bone at middle of orbit.................. 
‘* zygomatic process to glenoid face behind. . 
Y ~“s (right angie to profile) at glenoid face. 
” * 4 GEDIt, vcs cosets 
“ - os - CPR Bs evieces 
Elevation of occiput from foramen magnum........... 
Width top of muzzle at preorbital fossa..............- 
“at middle supraorbital border........ sdivdews ee 


“ malar below orbit 
** middle of zygomatic arch. ........... évec¥es 
of occiput at superior crests. 


“ premolar series ..... Beeb ees ie 
" true molar series. ..............--s05 


Diameters canine : 
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“ ” middle of zygomatic arch.......... 

Length of inferior dental series with canine. .......... 

a . premolar series 

- “ true molar series. ..........seee+-+s 

** of ramus to posterior edge.............-+++ ans 

Depth of ramus mandibuli at condyle...............+.- 

” ne - m. iii posteriorly. .........- 

“ - a m. i posteriorly ............ 
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M. 
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036 
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. 077 


-088 
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.068 
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.038 
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** postfrontal process..............seeeeeees vow 
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.050 
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Length superior dental series, with canine............. ‘ 
.092 
.083 
f anteroposterior............6.. 00005 
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.029 
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Measurements. M. 


Diameters inferior m. iii ; anteroposterior eevee sese'e CeCe 044 


SPRMAVOERD. 6 605 0000 veecwntees .018 

This fine species is from the John Day epoch of the Miocene. The 
typical specimen was found by my assistant, Charles H. Sternberg, on 
Bridge creek, Oregon. Much credit is due Mr. Sternberg for his unwearied 
exertions in the cause of science, which have been continued through 
many occasions of risk and discomfort. 


Merycocherus montanus, sp. nov. 

This large animal is represented in my collection by a nearly entire 
skull with parts of both mandibular rami complete. Rami of another in- 
dividual give the entire dentition of the lower jaw except the incisors. 
A third individual is represented by a symphysis with premolars, ca- 
nines and incisors, and by various parts of the skeleton, including feet. 
Of the cranium mentioned, the muzzle to the preorbital fossa and the 
palate to the first true molar are wanting. The region of the larmier is 
lost, but the general resemblance of the species to the M. macrostegus in 
other respects, leads me to suspect that it is absent, and that the M. mon- 
tanus, is rightly referred to the genus Merycocherus. This course is indi- 
cated by the structure of the superior molar teeth, which have the character 
of those of this genus, rather than that found in Merychyus. That is, the 
posterior internal crescent sends its anterior horn to the external wall of 
the crown, thus cutting off the posterior horn of the anterior crescent. 
Dr. Leidy has shown that the reverse is the case in the Merychyus major ; 
that is that the posterior horn of the anterior crescent reaches the external 
wall of the crown, cutting off the anterior horn of the posterior crescent: 
I have observed that this is also the case in the other species of Merychyus 
which have come under my notice. 

The posterior position of the infraorbital foramen and the greatly pro- 
duced palate distinguish this species from those of the John Day epoch, 
excepting the M. macrostegus, while in the M. rusticus and M. proprius, 
the infraorbital foramen is still further posterior. The palate of these 
species is unfortunately unknown. 

The part of the maxillary bone posterior to the infraorbital foramen is 
nearly flat, and the proximal part of the malar bone is also flat. The in- 
ferior edge of the latter is narrow and is marked by a groove which ter- 
minates anteriorly in a shallow fossa. The ridge continuous with this edge 
terminates above the anterior lobe of the second true molar. The zygoma 
as far as the anterior border of the glenoid cavity is slender, and not con- 
vex, but flat in every direction, nor is it decurved as in M. superdbus. The 
zygomatic foramen is relatively much smaller than in that species. Its 
posterior or preglenoid boundary is not at right angles to the sagittal crest 
as in that species, but is oblique outwards and forwards at an open angle. 
The obtuse median edge of the zygoma looks upwards, not outwards as it 
does in M. superbus and M. macrostegus, and the superior expansion is 
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opposite the internal extremity of the glenoid face, instead of the external 
as in M. superbus, or the middie, as in M. macrostegus. The border 
descending to the supraauricuiar crest is thin and vertical in direction, 
and the superior angle stands above the middle of the postglenoid process, 
not external to it, as in the two species above named. The postglenoid 
process is robust and has a convex posterior face. The paroccipital pro- 
cess is long and acuminate. An external truncate ridge on the front of its 
base partially embraces the meatus auditorius, and curving forwards be- 
comes the anterior edge of the process, which is separated from the post- 
glenoid by but a narrow interval. The tympanic bone forms a tube more 
distinct from the surrounding regions than in the other species here de- 
scribed, and has a longitudinal inferior keel, which is not visible in the ¥. 
superbus and M. macrostegus. It is separated at the meatus by but a 
short interval from the base of the postglenoid process. The supraauricu- 
lar and mastoid crests unite and form a short acute crest, which does not 
continue into a prominent posttemporal, but descends into a mere angle, 
which continues as a fine line to the convexity of the true’ posttemporal 
crest above. The latter arises from the bifurcation of the sagittal crest, 
and after a strong convexity descends with its fellow to a narrow promi- 
nent convex ridge, which rises from the foramen magnum, Thus the oc- 
ciput on either side of this prominent middle line is deeply excavated, and 
the fossa is bounded on each side and anteriorly by the low posttemporal 
angle, and the more prominent mastoid ridge. There is no median keel. 
The median ridge of tlie occiput is more prominent and not so flat as in 
M. superbus, but is more as in M. macrostegus. The sagittal crest is well 
developed, and has a straight superior border, which is not thickened as 
in M. chelydra. The anterior temporal ridges are represented by an angle 
which is nearly right. The superior squamosal suture is marked by a 
prominent ridge. The front is gently convex transversely, and the supra- 
orbital border is more strongly decurved than in M. superbus, which are 
more so than in M. macrostegus. 

The basicranial axis makes a strong angle with the basifacial as in the 
other species of the genus, showing that the face was presented obliquely 
forwards, as in the peccary. The section of the basioccipital bone be- 
tween the paroccipital processes is V-shaped, owing to the presence of a 
strong median angle. In M. macrostegus this bone is similar, but in M. 
superbus it is much flatter, and there is a weak median keel. The sphenoid 
is in line with the occipital and has a broadly rounded-truncate inferior 
face. The otic bulle are large and compressed. They extend from the 
middle of the base of the paroccipital process to considerably in advance 
of the postglenoid process, and approach very near to the glenoid surface. 
The interval which separates them is small, equaling one-fifth the antero- 
posterior diameter of the bulla. This is very different from the M. 
macrostegus, where the space between the glenoid surface and the bulla, 
is equal to the anteroposterior diameter of the latter near the middle. As 
already pointed out, this species agrees with the species just named in the 
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great prolongation of the palatal floor of the nareal cavities. The distance 
from the foramen magnum to the nareal border equals the distance from 
the latter to the line connecting the median external vertical crests of the 
last superior molars. In M. superdus the former measurement is two and 
one-half times as great as the latter. 

The mandible shows the nearer relationship to the M. macrostegus 
than to the M. superbus, in the anterior elongation and greater relative size 
of the premolar teeth. It agrees with the former in having the profile of 
the symphysis concave, and not convex as in M. superbus. It is less con- 
cave in my single specimen than in that of M. macrostegus. The posi- 
tion of the posterior extremity of the symphysis is below the middle of 
the third inferior premolar. The coronoid process is low, and of small 
size. Its compressed convex apex is directed at an angle of 45° from the 
middle line outwards and forwards. Its anterior face soon widens out 
and the internal edge becomes much more prominent than the external, 
with which it encloses a shallow, subtriangular, subvertical fossa. The 
external border is continuous with the external alveolar border. The 
masseteric fossa is small and has no distinct inferior border, and does not 
descend. below the level of the line of the middle molar teeth. The in- 
ferior border of the ramus is nearly straight. The inferior incisive alveo- 
lar border is much more strongly convex than in the M. superbus. The 
condyle has the posterior articular face on the inner side, as in other 
species. 

The infraorbital foramen is large and is above the anterior part of the 
first true molar tooth. The meatus auditorius is small. There are two 
postparietal foramina on the pariétosquamosal suture. No supraglenoid 
or postglenoid foramina. There are two mental foramina, one not small 
below the anterior part of the first true molar, the other, quite large, 
below the posterior part of the third premolar. The dental! foramen is 
situated on a level with the alveolar border and well posteriorly, its ante- 
rior border being a little in front of a line dropped vertically from the 
apex of the coronoid process. It is thus similar in position to that of ©. 
macrostegus and different from that of M. superbus, where it is above 
the line of the apices of the molars, and is posterior to the line dropped 
from the apex of the coronoid. 

In the superior true molars, the size increases rapidly posteriorly. The 
third is relatively of more elongate form than the first, but the posterior 
external column is but little produced. The other vertical ridges are 
quite prominent. The external faces of the external lobes are nearly flat. 
Besides the relation of the adjacent horns of the internal crescents already 
mentioned, the posterior horn of the posterior crescent in the first and 
second molars is cut off from the external wall of its own crown by the 
anterior horn of the anterior crescent of the crown next posterior. This 
does not exist in worn molars of M. superbus and M. macrostegus, but 
is observable in little worn teeth of the former. It does not look as though 
the character would disappear with wear in the M. montanus. The only 





Cope.} 534 (Jan. 8, 


trace of cingulum on ihe superior molars is on the inner base of the ante- 
rior lobe, where it is weak, and in the interspace between the internal 
lobes, where it is a narrow tubercle. Enamel obsoletely vertically striate. 
It is wanting on the external side of the internal crescent, as Leidy has 
shown to be the case in certain species of Merychyus. The fifth lobe of 
the last inferior molar is well developed and has its two crescents separated 
by a groove. The adjacent horns of the external crescents are of about 
equal length. No cingula, except a trace on front and rear of crowns, and 
a tubercle between the bases of the external lobes. The fourth premolar has 
two fosse isolated, one anterior to and the other posterior to the principal 
apex, which is double, and anterior to the middle. Before wear, each of 
these fosse opens inwards. The crown of the third premolar has its inner 
face unequally divided by a crest behind the middle. Posterior to this 
the space is occupied on the inner side by two shallow fosse of which the 
posterior is the narrower. Anterior part of inner face of crown concave. 
One principal angular cusp. The second premolar has a compressed 
triangular crown with a long base, and a weak vertical ridge on the in- 
ternal side. The first premolar is a very robust tooth with a straight 
posterior border directed at 95° forwards, and is vertically truncate in the 
specimen by friction with the canine. Section of crown lenticular, 
rounded in front. 
Measurements. M. 
No. 1. 
Length from occipital condyle to postglenoid process... . 
" a = - ** postfrontal process... . 
Width of occiput at posttemporal crests. .............. ; 
- ™ © CUMEFTER . cccveccece. cocceenscece ; 
Elevation of occiput above foramen magnum. ......... ‘ 
Length from foramen magnum to palatal border. ...... . 
Width between apices of otic bulle. ...............46; 3 
Length from inferior m. iii to apex of coronoid process. . 
- of superior true molar series.............. ..- : 
Disesoters me. ete pean vatdesavewevoneens 3 
transverse (at middle rib) ............ : 
Diameters mt BMLOTONOSIORIOE, cided eccccevccvesses ; 
‘ transverse (at middle rib). .......... . 
Length of inferior true molar series. .. . 

z f anteroposterior. ............-...+. 
TE PP transverse behind. ................ ; 
OE anteroposterior ....... Chip decccdeves ee: 

( transverse. ........ eeeedres vedas wees 
Btsenctess { anteroposterior. ..........6....s000: d 
TMi: psceds* spocwvemecee eoees 
No. 2. 
Length of ramus mandibuli from incisive border to 
condyle (oblique)..............05 bla cbeesecns eine .280 
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Measurements. M. 
Length of dental series (straight line)................. 191 
S from last molar to apex of coronoid............ 0735 
CH NO I 56. n.e 0k tients 0's) Ceo ooesens -085 
#1 CG IE MONS sob cw siecle 5 Rive 6c vcea sven wee .084 
** second premolar on base. .........es0.-e005 .021 
$B ONO ERE OR RNR. os ao oe os 05 ee ies cake 0225 
Depth of ramus at coronoid............0...5- ceecees 044 
* Ce IE OF WRT is cinco t's i cv wh ni owcucs .073 
" RE MEE is cence qudedapccanss: .056 
- iecekee | eee .034 


The specimens of this species were found by Mr. J. C. Isaac in the 
Ticholeptus beds of Deep river, Montana, during his Expedition of 1880. 


Merycocherus rusticus Leidy. 

Report U. 8. Geological Survey Terrs., 1873, i, p. 199, Pl. III, figs. 1-3; 
VII, figs. 1-5 ; XX, figs. 9-81. Proceedings Academy Philadelphia, 1870, 
109. 

The smallest species, characterized among other things by the closure 
of that part of the nareal fissure which separates the premaxillary bones 
below. According to Leidy’s figure above quoted, the depth of the middle 
line of the undivided premaxillary is greater than the width of the bone, 
a state of things not approached by any of the species of this genus de- 
scribed in the preceding pages. The premaxillary in the M. proprius is 
not described. 

From the ? Ticholeptus beds of the Sweetwater river, Wyoming. 


Merycocheerus proprius Leidy. 

Proceedings Academy Philadelphia, 1858, p. 24; Extinct Mammalia 
Dakota and Nebraska 1869, p. 110; Pl. X. 

This large species represents the extreme form of the genus in the ante- 
rior position of its dental series as compared with the braincase. The 
zygomatic arch and infraorbital foramen are therefore more posteriorly 
placed than in any other species. The premaxillary bone is more promi- 
nent than in any other, and the incisor teeth have relatively larger dimen- 
sions. The size is about that of the M. superbus. I have not seen any 
other than the typical specimen. 

From the Ticholeptus beds at the head waters of the Niobrara river, 
Nebraska. 


MERYCHYUS Leidy. 


Proceedings Academy Philad’a, 1858, p. 24, (nomen nudum). Extinct 
Mammalia Dakota and Nebraska, 1869, 115. Report U. 8. Geological 
Survey Terrs. i, 1873, p. 202. Cope, American Naturalist, 1884, p. 281. 
Ticholeptus Cope, Bulletin U. 8. Geolog. Survey Terrs., 1878, p. 380. 

Premaxillary bones codéssified ; otic bulla swollen; a vacuity between 
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the maxillary, lachrymal, and nasal bones, or larmier. Nasal bones nor- 
mal. First inferior premolar caniniform. 

This genus has not been defined prior to the present article, although 
some characters common to the species of the genus known to him, have 
been given by Leidy. As now defined it is identical with genus Ticholep- 
tus Cope. This group was distinguished by the presence of a larmier, a 
character whose presence in the species of Merychyus has been hitherto 
unknown. It is not yet reported indeed as present in any of the original 
species of the latter, but I think that there can be no reasonable doubt of 
its presence there. A character found by Leidy in the M. major I find to 
be present in one or more of the superior molar teeth in all the species. 
The posterior horn of the anterior internal crescent cuts off the adjacent 
or anterior horn of the posterior internal crescent from contact with the 
inner side of the external wall of the crown. It is the anterior horn of the 
posterior internal crescent which reaches the external wall, in the genera 
Merycocheerus, Eucrotaphus and Oreoden. In Leptauchenia the arrange- 
ment is generally as in Merychyus ; see under the head of that genus. 

This genus is confined to the Upper Miocene beds, the Ticholeptus and 
Loup Fork epochs. In size the species range from medium to large, the 
M. major equaling any species of the family in dimensions. They are 
distinguished as follows: 


I. True molar teeth not prismatic. 
Infraorbital foramen above fourth premolar ; malar bone shal- 
low ; squamosal with superior zygomatic angle anterior ; 
true molars M. .042 M. pariogonus. 


II. True molar teeth more or less prismatic. 
a. Infraorbital foramen above third premolar. 
Larmier a slit ; front narrow............++. .- Mf, arenarum leptorhynchus. 
aa. Infraorbital foramen above fourth premolar. 
8. Zygomatic arch vertical, and with posterior angle small and rounded. 
Larmier triangular; front wide; true molar series M. .044; 
PND CENGER cece sicsecteccessusvientens -+-M. arenarum arenarum. 
88. Zygomatic arch expanded horizontally; posterior angle strong, 
acute. 
Larmier large ; true molars .051........ BACsdseeceet arse M. zygomaticus. 
88. Zygomatic arch unknown. 
Facial plate generally concave ; true molars M. .045........../ MW. elegans. 
ee Ceres I, Bile Ca Bis oh ab wears c ccs ccccccavcd WM. medius. 
True (superior) molars (m. iii inferred), M. .095.............../ M. major. 


Of the above species, the M. arenarum and M. zeygomaticus are known 
from entire skulls. In the first named, the foramen infraorbitale appears 
to be partly above the posterior edge of the third premolar, as well as 
above the anterior edge of the fourth. 
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Merychyus arenarum Cope, sp. nov. Sub-species leptorhyn- 
chus Cope. 


This species is represented by a skull which lacks of completeness only 
the extremity of the muzzle and the angles of the lower jaw. Its size is 
about that of the Oreodon culbertsoni or of the Merychyus elegans. The 
confluence of the premaxillary bones shows that the place of the species 
is with the last-named genus, and the sigmoid flexure of the masticating 
line of the superior dentition is a point of resemblance to the species of 
the same. The position of the external infraorbital foramen is one de- 
gree further posterior than in the species of Oreodon, and agrees with 
the position in two other species of Merychyus (¥. arenarum and M. 
pariogonus), which is more anterior than in the other species of the 
genus. The foramen is in fact quite identical in position with that seen 
in most of the species of Eucrotaphus, to which genus the above named 
species must be regarded as the nearest in the genus to which they belong. 


As in other species of the genus, the malar bone is deeper and less prom- 
inent laterally than in those of Oreodon. The preorbital fossa is wider 
and shallower. The orbit is closed behind. 


The premaxillaries are convex in every direction, least so transversly. 
The fissure which separates them is quite narrow, and is separated from 
the alveolar border by a rather narrow isthmus of uninterrupted bone. 
At the canine tooth the direction of the surface becomes longitudinal by 
an abrupt turn, and the side of the face above the second premolar is un- 
interruptedly gently concave. The lateral convexity which bounds the 
preorbital fossa below, appears above the third superior premolar, and be- 
comes more prominent posteriorly as it passes into the flat surface of the 
malar bone. The anterior orbital border is prominent and thin, and does not 
develop a distinct tubercle, although its edge is roughened. The profile of 
the muzzle is astraight line descending gently from the interorbital region. 
Above the middle of the orbits the frontal bones are gently convex; on 
the line of their anterior border, there is a concavity of the median line. 
The superior face of the nasal bones is flat, and is peculiarly narrowed, 
especially posteriorly, where the large preorbital fosse approach each 
other. 

The anterior temporal ridges are well marked, and after a gradual 
approach unite into a sagittal crest, which has a gently convex ris- 
ing profile. After the posterior bifiurcation of the latter, the convex 
posterior tempofal crests do not project beyond the occipital condyles 
when the inferior edge of the lower jaw rests on a horizontal plane, 
as in so many other species of this genus and of its allies. These 
crests continue without interruption above the auricular meatus to the 
posterior base of the postglenoid process. As compared with the 
Oreodon culbertsont, the postorbital part of the cranium is short; it is 
also shorter than in any other species of Merychyus. Thus the 
length from the posterior border of the orbit to the convexity of the 
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posterior temporal crest, is as long as from the former point to the 
anterior base of the first premolar. In the Oreodon culbertsoni, the same 
measurement is equal to the length from the same point to the anterior 
base of the third incisor. This shortening posterior to the orbit is seen to 
involve the zygomatic fossa as well as the region posterior to it. Thus the 
horizontal diameter of the orbit in the M. leptorhynchus is exactly equal 
to the distance between the posterior border of the same and the anterior 
edge of the glenoid cavity. The posterior part of the superior edge of 
the squamosal zygomatic process is thin and strongly convex. The apex 
of the convexity is above a point just anterior to the posterior border of 
the glenoid cavity. The posterior edge of the process is nearly vertical, 
and if continued would reach the middle of the base of the postglenoid 
process. The latter is compressed and rather elongate, and its convex 
edge has considerable transverse extent. The paroccipital process is long 
and is flat on its posterior face. The postorbital process of the frontal is 
elongate wedge-shaped, with its truncate apex below joining a slight ele- 
vation of the malar bone, which is much less prominent than in Oreodon 
culbertsont. It presents an angle outwards and forwards, as the orbital 
border. The anterior half of the zygomatic process of the malar bone is 
rounded.truncate below. The glenoid surface is plane transversely, and 
slightly convex, rising backwards, anteroposteriorly. The anterior border 
of the squamosal bone is not developed into a ridge. 

The frontal bone extends forwards on either side of the nasals, forming 
a narrow process above the lachrymal bones. It overlaps the superior 
edge of the maxillary, of which a narrow splint appears between it and 
the nasal. The nasals are rather narrow, and each has the posterior bor- 
der rounded. The latter fall above the middle of the first true molar 
tooth when the inferior edge of the mandible is horizontal. The lachry- 
mal bone has greater anteroposterior than vertical diameter, extending 
nearly to the line of the infraorbital foramen, or much in advance of its 
position in Oreodon culbertsoni, Hucrotaphus jacksoni, or Merycocherus 
superbus. The malar bone has a correspondingly large anterior extension, 
reaching to above the posterior part of the fourth premolar. It does not 
extend so far in the three species just named. The zygomatic process of 
the squamosal is more deeply received into the malar bone than in any of 
the three species mentioned, reaching to below the posterior third of the 
orbit. 

The larmier in this species is small, and its anteroposterior diameter is 
more than twice as long as the vertical. More than half of its inferior bor- 
der is formed by the maxillary bone. As it is exhibited in the specimen, 
its superior border is formed by the ascending process of the maxillary 
bone ; whether this is overlapped by the laminar process of the frontal so 
as to bound the foramen, when in a perfect condition, is uncertain. The 
posterior edge of the larmier is the lachrymal bone. The external foramen 
infraorbitale is on one side double. The supraorbital foramina form 
notches at the anterior edge of the supraorbital border. The frontal 
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foramina are well separated from each other, as in the species of Meryco- 
cherus. The space between them is about equal to that between each 
one and the superciliary border. There is a large postpariéta] foramen 
near the pariéto-squamosal suture. If the supraglenoid foramen be pres- 
ent it is not distinguishable in the specimen. The orbit is rounded sub- 
quadrate, with the inferior anterior angle a little produced. 

The ascending process of the mandible is relatively elevated. The 
horizontal ramus narrows rapidly anteriorly, and the symphysis mandibuli 
is produced so as to rise at a very low angle. The alveolar portion is 
horizontal. 

Thé superior incisors are sma]! and their apices are but little expanded, 
the external the most so. They are directed vertically downwards. The 
superior canine is quite small; its crown exceeds in length that of the 
first premolar by but little, and is directed a little posteriorly as well as 
downwards. The roots of the first premolar are not as well distinguished 
as in many other species, and are united in their extra-alveolar part at 
least. The same is true of the second premolar. The apex of the cutting 
edge is in line with the anterior border of the crown ; the rest of the edge 
rises obliquely backwards. In the third premolar there is a slight bevel in 
front of the apex, which is much better developed on the fourth. These 
teeth are more truncate than the corresponding ones of the species of 
Oreodon and Eucrotaphus, and the larger species of Merycocherus. The 
external faces of P-m. iand ii are convex; that of P-m. iv is concave, 
but without the reverted vertical borders seen in Oreodon culbertsoni. The 
first true molar has long roots and a short crown. The last two molars 
have crowns of a more elongate character, with well developed anterior 
and middle ridges. The latter are not so prominent as those of the molars 
of the Merychyus zygomaticus. 

The inferior incisors are directed upwards at an angle of about 30°. 
They are similar and closely packed. The inferior canine is in close con- 
tact with the third incisor, from which it differs in its larger, leaf-shaped 
crown. The inferior first premolar is a slender one-rooted caniniform 
tooth, with narrow crown and acute apex. The second premolar is one- 
rooted, and has a leaf-shaped crown, with acute-angled apex. The third 
is two-sooted, and has a wider and nearly symmetrical crown. The fourth 
is much larger, and its elongate crown laps inside of that of the third. 
Its low angular apex is median. The last inferior true molar is dispro- 
portionately larger than the others. No external cingula. 


Measurements of Skull. M. 


Length from occipital condyle to premaxillary border.. .161 
" " - - ** postglenoid process... .030 

‘* postfrontal process... .078 

of ‘* preorbital border..... -130 
VOTUOR ic os vender sees eines ceicn poe .0250 
TO wade c ce vinienncoey axe ee. .0255 


Diameters of orbit { 
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Measurements of Skull. 
Depth of malar bone at middle of orbit ............... : 
* _  gygomatic process at glenoid face (greatest)... 
Width of top of muzzle at larmier........... odride bade ‘ 
at middle of supraorbital berder. .............. ‘ 
9° PURINE DOME occ e eect eee ees ccsecvevene ‘ 
** zygomatic processes of squamosal. .........- é 
of occipital condyles... .......ccecsscccsecsees : 
Elevation of occiput, including condyles.............. ‘ 
Width of occiput at middle .............. cee ceseeeee : 
Depth skull at right angles to profile, at glenoid face... . 
. " - ** orbit. ........ -049 
” - ™ - " ‘** Jarmier, exclu- 
GEVO OF WOOER. oo. cic cee cbilccerecsetecdccccuceccone 044 
Depth of mandible at condyle..............-..-eeeeee 071 
” m PT Ee CNN i ici es Seca decees .025 
” - a gp 5 SEY Peers STA eee CPE .022 
Length of superior dental series ................-000 0885 
o gg Re ree eee eee ery ree er 0130 
” kee SUSU e Teves OL ees EETET TEE Ee .0470 
of ” 
. “ A SOR G i 58 SSae es cet ce bs 06 .009 
gg My REO PETTY TT TT TTC TTT ERT .612 
pe Chath e ii Sbes Peet oes cedvedeghs .0425 
of ‘ dental series....... peleshebeesubete -087 
Se ee RS Beis bee iw eect abe oss ctetebbs 022 


a ce ‘ 


The unique and beautiful specimen on which our knowledge of this 
species rests, was found in a formation of the Ticholeptus Miocene near 
Laramie Peak, Wyoming Territory, by my assistant, J. C. Isaac. 


Merychyus arenarum, sp. nov. Sub-species arenarum. 

This species was more abundant than the MW. leptorhynchus during the 
Ticholeptus epoch, if we may judge from the number of specimens which 
have been procured. I enumerate here the five most important, viz. : 
No. 1, A skull which lacks the muzzle as far as the preorbital fossa, and 
the palate as far as the third premolar, and which has the mandible com 
plete as far as the coronoid processes, and which is accompanied by fore 
and hind feet and other limb bones. No. 2, A muzzle and right side of the 
face including the orbit, with the entire dentition, including that of the 
premaxillary bone, and that of the right mandibular ramus as far as the 
second true molar inclusive. No. 3, A skull with a part of the mandible, 
of an immature individual, in which the last superior molar is just ap- 
pearing, and the last two temporary molars are in place, and which is ac- 
companied by a few bones of the limbs. No. 4, Palatal part of skull with 
nearly all the teeth, accompanied by perfect mandible with all the teeth, 
and a large part of the skeleton. No. 5, A skull from which the basi- 
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cranial region, zygomata, and left maxillary bone, have been lost. The 
measurements of No. 4 somewhat exceed those of the other specimens, 
so that it is doubtful whether it really belongs here. 

The characters which distinguish this form from the M. leptorhynchus 
are not numerous. In the first place the front and muzzle are relatively 
wider. Secondly, the larmier is of a different form. Instead of being a 
horizontal slit, it is subtriangular, with the base above, and the angle 
below ; thirdly the canine teeth are more robust in both jaws. But the 
position of the infraorbital foramen is slightly variable, and the width of 
the front in one specimen is about as in the sub-species leptorhynchus. 
The size of the canine is not invariable. I am therefore precluded from 
regarding the M. leptorhynchus as more than a sub-species. 

As compared with the M. elegans, the strong convexity of the side of 
the face distinguishes it. The convexity continues from the malar region 
forwards above the infraorbital foramen, and nearly reaches the nareal 
opening. Judging from Leidy’s fig. 11, Plate XI, of the Extinct Mam- 
malian fauna of Dakota and Nebraska, the premaxillary bone of the J. 
elegans is flatter than in the M@. arenarum. The infraorbital foramen has a 
more anterior position in the latter than in the former. 

The size is always a little larger than in the type specimen of M. lep- 
torhynchus. 


Measurements. M. 
No. 1. 


Length from occipital condyle to postglenoid process... .037 
” - a - ‘* postfrontal process.... .076 
ve nf o - ‘** preorbital border..... 105 
Transverse diameter of orbit. .030 
Depth of malar bone at middle of orbit. ...... hei telown .019 
‘* — ** gygomatic process at glenoid face (greatest) .. .019 
Width at middle of sypraorbital border. .............. .062 
+9. FES ons ce cc apaedverderegevawcewrens .096 
‘*« — gygomatic process of squamosal. ............ -100 
** . Of cocipital condyles... ..c.cecccscscccccccsces 034 
OS. SE TE III a 56 5. Shi edecie cere sesacess .036 
Elevation of occiput including condyles. . ee . .054 
Depth of skull at right angles to profile * sencid face. 041 
= +f  * QUURR CAMCIUE. TOURED 4 sce ccc cscice -051 
“* of mandibular ramus at m. ii...............+%. .030 
* 7 OP RD sot cen onvsns .022 
Length of last five superior molars. ..............+++: .064 
_ “6 SP DOOINEN. o.sin dca nen Gh s0%2e'a'ocbenesces .043 
anteroposterior. .....ccesceeeeces: -010 
RIND ig v0 ich the 8) bo kacene .010 
SRAGTODOTETIOF «0.0.0.6. 6:00 bint jc cccceccce .013 
CURE OES... 6.6 on 6600.0: 6'a nhennw stig ne cess .013 


Diameters P-m. iii { 


Diameters m. i ; 
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Measurements. M. 

No. 1. 
Tisencters mi: Wt SMLETOPOSOTION.. .5 2 see ccens weders -019 
CO bi oie i nv cee dias 6s ideal .015 
Length of inferior dental series (axial)...............- .098 
” de premolar series (axial). .......... -- .088 


Long diameter of crown of canine 


“ “e te 


“e se 


Diameters P-m. iv 
RNIN 56 ok 60 boa n dias wd Wde o'e- .009 


anteroposterior. ..........cee veces ees .0147 
ONIN, iio 064-6 Old tele di 88 CR -910 
f anteroposterior. . . .0223 


Diameters m. iii < 
( transverse. . ois ee 


. on f 
Diameters m. iy 


The specimens all came from the Ticholeptus beds near Laramie Peak, 
Wyoming, and were discovered by my assistant, J. C. Isaac. 


Merychyus pariogonus, sp. nov. 

The generic position of this species is uncertain, and it may belong to 
Merycocheerus or even to Eucrotaphus, as its otic bulle are inflated. The 
doubt as to its position is due to the fact that the anterior part of the skull 
of the typical specimen is lost as far back as the anterior border of the 
orbit, and the second molar tooth. I place it here provisionally because 
the internal crescents of the superior molars are arranged as in M. major 
and M. arenarum, i. e., with the anterior crescent excluding the posterior 
at the point of junction of the two. 

The Merychyus pariogonus is about the size of the Oreodon culbertsoni. 
The braincase is full, so that the internal side of the temporal fossa is 
strongly convex, but without very prominent ridge along the pariéto- 
squamosal suture. The anterior temporal ridges unite at an acute angle, 
but the sagittal crest is obsolete as far as a point above the posttympanic 
process, where it gradually rises. The posterior temporal ridge is promi- 
nent superiorly, but is not produced beyond the line of the occipital 
condyles. It is discontinued in the direction of the supraauricular ridge, 
but continues downwards as an obtuse ridge on each side towards the 
foramen magnum. Between this and the squamoso-occipital angle is 
a large open fossa which is present in the species of this genus, of Mery- 
cocheerus and of Eucrotaphus, but is wanting in Oreodon culbertsoni. In 
the obsolescence of the posterior temporal crest it agrees with the last 
named species, and with some of those of Merycocheerus, but differs from 
Rucrotaphus jacksoni where it is low, and from Merychyus leptorhynchus, 
where it is well developed. In the size of the lateral.occipital fosse this 
species exceeds any of the others of this family. Below the depression, 
the posterior temporal crest rises abruptly, forming a convex edge which 
continues downwards nearly obsolete, on the suture between the post- 
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tympanic and paroccipital processes. It is not distinetly continuous over 
the auricular meatus. The paroccipital process is elongate and acumi- 
nate, and becomes compressed so as to be anteroposterior for the greater 
part of its length. The auricular meatus occupies but a small part of the 
space between the posttympanic and postglenoid processes, It is partially 
enclosed by the robust rounded ledge of the squamosal bone, which 
separates it from the postglenoid process. This ledge is much more devel- 
oped than in any other species of this family known tome. The bulla of 
the petrous bone is longer anteroposteriorly than transversely, and its 
anterior and posterior borders coincide with the anterior border of the 
postglenoid process, and that of the paroccipital process. The postglenoid 
process is robust, much as in the large species of Merycochcerus, and not 
compressed as in Merychyus leptorhynchus and M. xrenarum. The zygo- 
matic arch is slender. The elevation of the posterior part of the zygo- 
matic process of the squamosal has a different form from that seen in the 
species last named. It is angulate, not rounded. The position of the 
angle is different from that in J. eygomaticus in being more anterior, 
marking a point well in front of the anterior base of the postglenoid pro- 
cess. The border which connects the angle with the supra-auricular crest 
is then not vertical as in the species just mentioned, but is oblique, and it 
is also somewhat concave. The malar bone is shallow and stout, with 
truncate edge below. The squamosal process enters it to below the poste- 
rior third of the orbit. The postfrontal process is slender, and the post- 
orbital process of the malar is elongate, meeting the former opposite the 
middle of the orbit. It is thus longer than in any species of the family 
known to me. 

The frontal foramina are separated by an interspace equal to four-fifths 
the distance between each and the superciliary border. The pariéto-squa- 
mosal suture ascends posteriorly in a nearly straight line to within M. .015 
of the posterior zygomatic crest. The posterior squamosal suture then 
turns directly downwards, reaching the depressed portion of the crest 
where it bounds the huge mastoid fossa and foramen. 

The posterior part of the mandibular ramus, shows a regularly convex 
angular border commencing just below the condyle. The coronoid pro- 
cess is quite small and the short connecting edge between it and the con- 
dyle is not excavated below the level of the latter. The articular face of 
the condyle is directed upwards, and on the internal third, presents a face 
posteriorly also. The ramus diminishes rapidly in depth anteriorly. The 
masseteric fossa does not descend below the level of the second true molar, 
and is not sharply bordered anywhere. The internal pterygoid fossa on the 
other hand occupies the entire inner face of the angle between the condyle 
and the inferior border, and anteriorly to the line of the last inferior molar 
tooth. 

The superior true molars have short crowns, as in Eucrotaphus and 
Oreodon. The anterior and median vertical ridges are very prominent, 
and the posterior vertical border of the posterior column projects to a slight 
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extent posteriorly. Enamel smooth. The last inferior molar is not so 
disproportionately larger than the second as in M. leptorhynchus, arenarum 
and elegans ; and with the second, has little of a prismatic character. No 
cingula. 
Measurements. M. 
Length from occipital condyle to postglenoid process... . 
7" 2 ” " ** postfrontal process. . 
Vetoes GIOMNOGEE OF GENE. 6 oss ok unctatnevaresecses é; 
Depth of malar bone at middle of orbit. ....... jtcnodes i 
ne ** zygomatic process at posterior angle. ........ ; 
Width at middle of supraorbital border................ .060 
er 5 Es & 5ER4 na kode be dee e Rd a ceeaee cee -090 
ee eres eerie 032 
‘** * occiput at lateral crests. ....... ........-00- 086 
“Tae = re ee eee .061 
Elevation of occiput with condyles. .............-0055 054 
Depth of skull at glenoid surface. ...............ee00+ - 058 
fee OO eat ee a: MN ee. cas ee a 5 Oe 
“* mandible at condyle. ..........0.0000.sseee 075 
i - WINN 6600 OES 0405 wide cc eeews .083 
” ” ‘** posterior edge of m. iii. .042 
Depth mandible at middle of m. ii...............00000 ; 028 
f anteroposterior. ........... .016 


SPIO RII rad 66 cc 6 sive ekcue .016 
.020 


Diameters superior m. ii 


Diameters superior m. ii { Se eovecvecceee al 
FANSVETEC, .ccccccccccccesss -O15% 


anteroposterior .............. 015 
CRIVOINE. oi 50 oe cbs peeesene .012 
f anteroposterior. ............- -0225 


Diameters inferior m. ii{ 


ee ane mo, Se Utransverse...........0000005 0115 

A second specimen of this species consists of the occipital, pariétal, and 
part of the frontal regions, with the right maxillary bone, and fragments 
of the left maxillary, of the mandible, etc. The latter demonstrates the 
position of the infraorbital foramen to be above the anterior border of the 
fourth superior premolar. The middle line of the occiput presents a keel 
on its superior half. The basivccipital bone between the paroccipital pro- 
cess is expanded laterally, and is without median angle or groove. Between 
the bulle it is compressed, and its middle line forms a narrow truncation. 
Opposite the posterior third of the bulla, this surface ascends at an angle, 
and gradually widening, spreads into the general flattened convex inferior 
face of the sphenoid. The anterior part of the sagittal crest is a little 
better developed than in the typical specimen. The worn teeth indicate 
an old individual. The canine is large, and the first premolar has its 
roots well distinguished. The facia] plate of the maxillary concave above 
second premolar. No appreciable diastema. 
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Measurements. M. 


Teeth OF maGbRe COTURR, 66 s5.cii's clk ccc eee sccscnecesseeses .081 
7 ¢¢  ODIIOIETO OR DORON, 60s ccccdsis choses doves .041 
Width of canine posteriorly ................--.seeeees .010 


Diameters P-m. iv { 


anteroposterior. ......6..ccccecece .010 
SEDs o0kes 006. dnbteswcoeses -012 


Of this species I have but two specimens, which were obtained from the 
Ticholeptus beds of Deep river, Montana, by my assistant, J. C. Isaac. 


Merychyus elegans Leidy. 

Proceedings Academy Philada., 1858, p. 24. Extinct Mammalia 
Dakota and Nebraska, 1869, p. 118, Pl. XI, figs. 1-11. 

Niobrara river, Nebraska. 


Merychyus zygomaticus Cope. 

Ticholeptus zygomaticus Cope, American Naturalist, Feb. 1878. Bulle- 
tin U. 8. Geolog. Survey Territories, 1878, p. 380. 

This species is peculiar in having the posterior expansion of its zygo- 
matic arch horizontal instead of vertical. It has a thickened external edge 
which continues into a strong posterior angle which projects behind the 
posterior margin of the postglenoid process. The auricular meatus is 
directed posteriorly in a way quite peculiar, resembling somewhat the 
position seen in some of the hogs. The malar bone is very prominent. 
The infraorbital foramen is above the contact of the third and fourth 
superior premolars. The larmier is large and its maxillary border descends 
posteriorly. 

In size this species is between the M. elegans and the M. medius. If 
my identification of New Mexican specimens is correct, this species differs 
from the M. medius in the much less production of the premaxillary re- 
gion, besides the smaller size. 

Ticholeptus beds of Deep river, Montana; J. C. Isaac. 


Merychyus medius Leidy. 

Proceedings Academy Philad’a, 1858, p. 25. Extinct Mammalia, 
Dakota and Nebraska, 1869, p. 119, Pl. XI, figs. 12-14. Cope U. 8. Expl. 
Surv. W. of 100th*Mer., G. M. Wheeler, iv, pt. ii, p. 324. 

Niobrara river, Nebraska, Hayden ; Santa Fé, New Mexico, Cope. 


Merychyus major Leidy. 

Proceedings Academy Philada., 1858, p. 26. Extinct Mammalia, Da- 
kota and Nebraska, 1869, p. 121, Pl. X, figs. 15-16. 

This species, known hitherto from Leidy’s descriptions of four of the 
superior molars, is the largest of the genus, and perhaps of the family. 
More information regarding it is much to be desired. 

Headwaters of the Niobrara river ; from Loup Fork beds, according to 
Hayden. 
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LEPTAUCHENIA Leidy. 


Extinct Mammalia of Dakota and Nebraska, 1869, 122. Proceedings 
Academy Philad’a, 1856, 88, (nomen nudum). loc. cit. 1656, 163 (nomen 
nudum). 

As already remarked by Leidy, this genus is characterized by the pres- 
ence of enormous vacuities of the superior surface of the muzzle. The 
genus might be described as lacking the usual superior osseous wall of the 
nasal cavities and maxillary sinuses. The generic diagnosis is as follows: 

Otic bulle inflated. Four premaxillary teeth. Nasal bones excessively 
contracted, leaving a wide interspace between them and the maxillaries. 
Symphysis mandibuli codssified. 

This genus has but a short range in time, not having been yet found out 
of the Ticholeptus beds. It shows in its deficient ossification, and smaller 
size, that this line of the family was approaching its extinction, its deca- 
dence having already commenced in the genus Merychyus. The genera 
which follow in systematic order, Cyclopidius and Pithecestes, exhibit the 
last steps in the downward course. 


I. Infraorbital foramen above P-m. iii. 
‘Three inferior incisors; nasal sinuses to middle of orbit ; 
true molars .043; skull .135.’’ (Leidy) 
‘‘ Nasal sinuses not extending so far posteriorly as in L. major ; 
true molars .032 ; skull, .101.’’ (Leidy) 
** Nasal sinuses reaching to front of orbit; true molars .020 ; 
skull .085.’’ (Leidy) 
Leptauchenia major Leidy. 
Proceedings Academy Philad’a, 1856, p. 163; 1857, 89. Extinct Mam- 
malia, Dakota and Nebraska, 1869, p. 124, Pi. XII, figs. 1-5. 
Tributaries of White river, Nebraska. 
Leptauchenia decora Leidy. 
Proceedings Academy Philadelphia, 1858, p. 88; 1857, p. 89. Extinct 
Mammalia of Dakota and Nebraska, 1869, p. 127, Pl. XII, figs. 6-20. 
Tributaries of White river, Nebraska. 
Leptauchenia nitida Leidy. 
Extinct Mammalia of Dakota and Nebraska, 1869, p.e129 ; Pl. XII, figs. 
21-22. 
White Earth creek, Dakota, tributary of the White river. 


CYCLOPIDIUS Cope. 


Proceedings American Philosophical Society, 1877, p. 221. Brachy- 
meryx Cope, Ibidem, p. 220. 

Dental formula: I. ¢: C.}; P-m. $; M. }. Premaxillary bones much 
reduced ; mandibular rami codéssified. Otic bulla inflated. Prelachrymal 
vacuities present, and confluent with enormous nasal vacuities, which are 
due to the excessive reduction of the nasal bones. Orbit closed behind. 
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This genus is Leptauchenia without superior incisor teeth, and with but 
two on each side below. I originally asserted the presence of superior 
incisor teeth, and it is true that there is in early life a minute tooth in each 
premaxillary bone, as indicated by the alveoli in a specimen which con- 
tains the full deciduous molar dentition. I have not seen the teeth them- 
selves, and it is evident that they are early shed. In an adult specimen 
of C: simus it seems that the alveolar portion of the premaxillary bone has 
been absorbed. 

The meatus auditorius externus occupies a more elevated position in 
this genus than in any other of the family. It is also directed somewhat 
posteriorly. There are postpariéial foramina. 

The cerebral hemispheres are not large, and scarcely rise above the 
plane of the summit of the large cerebellum. Convolutions three on each 
side, weakly defined. 

The concavity of the superior border of the premaxillary bones, to- 
gether with their upward production, leads me to suspect that the exter- 
nal nares were superior in position. This is the indication of an aquatic 
habit of life, such as is led by the hippopotamus. Like that animal, the 
nostrils in Cyclopidius were probably valvular to prevent the ingress of 
the water. The animals probably passed much of their time in the water, 
and the nostrils could be brought to the surface for the purpose of respira- 
tion, while the remainder of the head and body remained concealed. The 
prominent rim of the auditory meatus suggests a similar valvular closure 
of the organ of hearing, and is also a provision for its easy approximation 
to the surface of the water when necessary. 

The milk dentition is like that of Artiodactyla in general. That is, in 
the superjor series the third molar is more elongate and complex than its 
permanent successor, and the fourth is like the first permanent true molar 
in constitution. In the inferior series the anterior three teeth resemble 
the permanent premolars, while the fourth is trilobate. 

In the loss of the incisor teeth and the subprismatic molars, we observe 
in Cyclopidius the same evidences of specialization already known in other 
types of Ungulates. 

I know of but two species of Cyclopidius. 


Cyclopidius simus Cope. 

Proceedings American Philosophical Society, 1877, p. 221. Brachy- 
meryx feliceps Cope, Ibidem, p. 220 (immature). 

The specimens of this species in my possession embrace a complete 
skull with one zygoma and half of the brain-case wanting; a left maxil- 
lary bone with all the teeth; and three mandibular rami with dentition, 
all of adults. Of immature individuals, I have two muzzles with denti- 
tion of both sides, and six mandibular rami; in all, parts of thirteen in- 
dividuals. The following description of the skull is taken from the speci- 
men first named, which is the type of the species. 

The cranium is wide and depressed, and the muzzle is short. The pro- 
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file descends at the orbits into the nasal vacuities, which cause a deep ex- 
cavation of the facial plate of the maxillary region. The small nasal 
bones form a promontory below the level of the orbits, whose supe- 
rior borders are convex. The maxillary bones rise at the end of the 
muzzle, forming, probably, with the confluent premaxillaries, a sub- 
quadrate projection. The superior side of this process is concave on its 
interior aspect forming a curved suture of an expanded nasal bone. Its 
anterior edge is also concave on their inner side, as though adapted to 
a forward-looking nareal opening. This anterior border is produced 
downwards into a free conical process which bounds the canine alveolus 
in front. This I suppose is all that there is of the alveolar portion of the 
premaxillary bone. The corresponding part of the other side is lost. 
There is a well-marked preorbital fossa. Its supero-interior border bounds 
the huge nasal vacuity on each side. The nasal bones form a narrow 
promontory, with convex superior face, which extends a little beyond a 
line connecting the middles of the preorbital fosse. The vacuities exca- 
vate the frontal bones as far back as a line connecting the middles of 
the supraorbital borders. The frontal bone is thus of a A-shape. The 
anterior temporal ridges are well defined, but do not reach the free edge 
of the frontal bone. Their union into the sagittal crest is gradual. The 
brain-case is moderately elongate, the postorbital process of the malar 
bone marking the middle of the total length. In profile the posterior part 
of the skull is nearly straight. The sagittal crest is gently convex, and 
is not so deeply bifurcated posteriorly as in most other forms, The posterior 
temporal crests are expanded laterally, and continue well developed to 
above the meatus auditorius, into the superior edge of the zygoma. They 
are not continued downwards on the occiput, as in most of the other genera 
of the family, but resemble the species of Merychyus more than any 
others in this respect. The temporal fossa has a wide floor, due to the 
lateral extension of the meatus auditorius, and the glenoid portion of the 
squamosal, The superior edge of the zygomatic process of the squamosal 
is little elevated, and is regularly convex. The process is not produced 
as far anteriorly as the posterior border of the orbit. The malar bone is 
remarkable for its depth, exceeding in this respect any species of the 
family yet known. Its external face slopes obliquely outwards below, but 
not very much, and is slightly and uniformly convex. Its inferior edge 
is thickened and descends anteriorly, and then thins and rises continuous- 
ly to the zygomatic process of the squamosal. 

The occipital aspeet of the skull is wide and low. Its superior region 
is slightly convex and roughened on each side of the median line. From 
and below this valley, the middle line presents a sharp carina, which dis- 
appears in a narrow convexity above the foramen magnum. Between 
this convexity and the meatus auditorius, the surface is concave. The 
occipital condyle is small, and the exterior half is more extensive than the 
posterior half. The paroccipital process is large. Its base diverges from 
the occipital condyle, and is adherent by its anterior face to the otic bulla, 
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without intervening ridge. The posttympanic mass is broken away. It 
is inferior in position to the auricular meatus. The latter, being directed 
posteriorly, is considerably produced behind the postglenoid process, leav- 
ing a wide postglenoid fossa. The postglenoid process is rather small, 
and its posterior face is entirely covered by the tympanic bone, while its 
interior edge is in close contact with the otic bulla. The bulla is of enor- 
mous size, and is a slightly compressed oval placed anteroposteriorly. It 
fills the entire space between the postglenoid process and the basicranial 
axis, and reaches anteriorly almost to the line of the anterior border of 
the glenoid region. The pterygoid process adheres to its internal wall 
for half its length, and it sends forwards on the external side of the ptery- 
goid, a narrow acuminate apex. The internal extremity of the glenoid 
cavity is concave, and the surface descends, forming a robust peduncle, as 
large as the postglenoid process, to which the anterior part of the otic bulla is 
attached. This is a character I have not seen in any other species of the 
family. A wide surface, continuous with that of the glenoid face, extends 
on the external side of the pterygoid ala of the sphenoid, to the angle 
where it unites with the pyramidal process of the palatine. It there termi- 
nates abruptly, but the external angle marks the end of a ridge, which ex- 
tends upwards and forwards to the postorbital process of the frontal. An- 
terior to this line the cranial wall is concave ; posterior to it, convex. The 
processi pyramidales are divergent, and have thickened and rounded infe- 
rior edges. The maxillary bones are produced a little beyond their bases, 
leaving a notch between. The palatal surface is uniformly moderately 
concave. 

The incisive foramina are large; the septa are wanting in my speci- 
mens, perhaps accidentally. The infraorbital foramen is above the middle 
of the fourth premolar tooth. The frontal foramina are further apart than 
in any other species of the family, being equidistant between the median 
line and the supraorbital border. There is an internal orbital foramen be- 
low the postorbital process, as in other species of the family. There are 
three postpariétal foramina, two of which are on the squamosal suture. 
Below the anterior of these two is a large postsquamosal foramen. 
No supra or postglenoid foramina. The meatus auditorius externus 
looks equally externally and posteriorly. It is large and of oval out- 
line, the long diameter being parallel to the superior border, which 
is the usual suprameatal crest. Its tympanic or anterior border is very 
prominent, while the posterior border is « little less so. A posttym- 
panic tuberosity marks the middle of the inferior edge. Posterior to 
the meatus is the rather large mastoid foramen, which is above the in- 
ternal base of the paroccipital process. The basicranial bones being lost, 
the characters of the basal foramina are not determinable. The posterior 
nares are deeper than wide. The palatonareal border is a Gothic arch, of 
which the apex is opposite the posterior border of the last molar tooth. I 
perceive no palatal foramina. 

The median and posterior nasal sutures remain. The latter is a V with 
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the apex opposite to the frontal foramina. Lambdoidal suture confluent. 
The malosquamosal suture marks the posterior edge of the posterior orbi- 
tal rim at the middle of the orbit. The pariéto-squamosal suture has an in- 
ferior position in front. Opposite the front of the postglenoid process it 
converges inwards in line for the occipital bifurcation, and is continued as 
the pariétodccipital suture, nearly to that point. The squamosal border, 
however, extends in a Z-form to the posterior temporal crest half-way be- 
tween the bifurcation and the meatus auditorius. It embraces an area of 
the posterior face of the skull, and the posterior half of the rim of the au- 
ricular meatus. 

The typical specimen presents only the alveoli of the canine and first 
premolar teeth; otherwise the dentition is perfect. The crowns of the 
second and third premolars are obliquely quadrate in horizontal section, 
both a little wider posteriorly than anteriorly. This is due to the presence 
of a half crescent of the internal side, whose posterior horn is attached 
to the external wall, while the anterior is free. The external faces of these 
premolars is slightly convex ; of the fourth premolar is slightly concave. 
The first true molar is decidedly smaller than the second, and the second 
is smaller than the third. The external sides of the external columns are 
flat in the first true molar, but become more concave on the third. The 
anterior edges of the columns project; forming ridges; or in section, project- 
ing angles. No intermediate ridges, nor cingula. The third superior true 
molar has a prismatic crown, no roots being visible in either of the adult 
specimens, of which the typical one is rather old, av indicated by the wear 
of the teeth. In the latter specimen the roots of the second true molar are 
apparent, although the crown is elevated. The first true molar is not pris- 
matic, although the crown is not low. The specimen represented by the 
left maxillary bone contains the teeth which are wanting from the typical 
one. The section of the crown of the canine is a semicircle, the truncate 
face being posterior internal. It is not a large tooth, and is separated from 
the first premolar by a diastema equal to its diameter. The first premolar 
is one-rooted, the root with a groove on the internal side. The section of 
the base of the crown is a triangle, the faces being anterior, external, and 
posterointernal. Its inner face is concave above the base. 

None of the separate mandibular rami are complete, all lacking the 
angle and condyle. The former is full and round, judging from a frag- 
ment in my possession.’ The ramus diminishes regularly in depth for- 
wards. The symphyseal region is short, and its anterior face is very steep, 
except at the alveolar region, where it is everted forwards. No trace of 
suture. The internal pterygoid fossa is large and strongly marked, so that 
the inferior edge of the ramus is inverted, so that the surface is convex ex- 
ternally. The last molar is placed somewhat obliquely. The first and 
second premolars are directed outwards and forwards, and the incisors 
directed forwards. 

There are two incisors on each side of the symphyseal line. They are 
very small and subcylindrical, and are closely packed between the canines. 
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The canines are much larger, with cylindric root and flat, incisor-like 
crown. The first premolar is still larger, and is of about the same form as 
the canine, from which it is only separated by a slight divergence of the 
crowns. There are no diastemata. The second premolar has a compressed 
triangular crown, with a median ridge on the internal side. Its long 
diameter is diagonal, running outwards posteriorly. The long axis of the 
third premolar is similar, while the other teeth are more nearly in line. In 
the third premolar the fossa interior to the median internal heel is much 
deeper than that posterior to it. The corresponding fossa is still larger in 
the fourth premolar, while the crown has a heel in the form of a trans- 
verse curved crest, separated from the median heel on the inner side by 
a fissure. The true molars increase rapidly in size posteriorly, but not so 
abruptly as in the Pithecistes brevifacies. The internal crescents are very 
flat, and the posterior edges of their columns project moderately. The ex- 
ternal crescents are very convex. The prismatic character of the teeth in- 
creases much posteriorly, so that the roots of the third tooth are short, and 
the crown long. The enamel is minutely rugose. 

The third superior temporary molar has two pairs of crescents. The an- 
terior pair are, however, not so well developed as the posterior pair and the 
two valleys are soon obliterated by wear. The crescents are equal in the 
fourth temporary molar. The fourth permanent premolar is protruded at 
least as soon as the third true molar, sooner than the posterior column of 
the latter. In this it differs from the Oreodon culbertsoni, where the last 
true molar is protruded first, and is a cotemporary of both the third and 
fourth deciduous molars ;* and the O. gracilis, where the last true molar is 
a cotemporary of the third deciduous. 

In the inferior temporary dentition, the lobes of the last molar are sub- 
equal, the posterior one being a little the larger. The protrusion of the 
last true molar isalso probably delayed until the shedding of the deciduous 
series, as in the superior series ; but my specimens are either very young 
or fully adult, and therefore I cannot demonstrate this point as fully as in 
the case of the superior series. 

Measurements of Skull. " 
Length from condyle to front of canine inclusive...... 117 
ff ” ? ** otic bulla (axial)............. .010 
7 “ - ** palatonarea] notch,........... .0575 
og " = ‘** anterior line of glenoid cavity. .038 
Depth of occiput, including condyle.................. 041 
‘* at middle of orbit, exclusive of teeth.. .......... .087 
‘* — * infraorbital foramen - ; 
‘*  premaxillary border 
Width at oo = 
$¢ * DOCWOSM CODE. 6 o.0.60 nc cence ccc cccscces oseees ‘ 


*Leidy. Ancient Fauna of Nebraska, 1853, p. 51, Pl. IV, figs. 1, 2. 
PROC. AMER. PHILOS. 800. xx1. 116. 3k. PRINTED JUNE 24, 1884. 
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Measurements of Skull. M. 


Width at malars below orbits...............- ewe .086 
" “ gygomata at middle... .........eeeee-eeee 092 
” ‘** auricular meatus....... Hikes aviv sdwetvebes .070 
* of occipital condyles. .........+.eeeeeee sees 0275 
“ at middle of last molars inclusive............ .049 
“ * ‘* second premolars inclusive.. .030 
anteroposterior. .023 
Diameters otic bulla < transverse ..........-.. eeeeeee .018 
: 
f length of fragment of..... .024 
width at base............. .0125 
Length of dental series........ Gbb Ree Ns eh cicecs cove .062 
” ‘* premolar series..... giekagbeowve’ Wado ne dws 025 
" “SCG WRU se Saale. 6 cco e Sos devsacetcees .038 
J anteroposterior......... ooes eves .007 
RII SSS Sat Gkdbs Cede gener .0065 
f anteroposterior. ..........-.eeeeeees .0085 
WOMAN SS fl vii cave oda veivcess .0085 
CII, 6h oS c kidiwecbendose'’s .0146 
transverse (greatest).............. O11 
Depth of;mandibular ramus at m. iii............+..+.. .031 
" " NS OPO Mass 6s 6 ov0a ve eh .019 
Langit of symphysis............+65, bbWedeb vo ccectde 0245 
OF NINE CUNIE ia on cEie ob oc ccrcsecevete .022 
” ‘* true molar 085 
" ** of total dental series ...........cccseeseess .063 
anteroposterior.................. .0085 
SURMITEIIG i edecteiceevecccdss .006 
OIE Coin eich ce tees UN .009 
transverse. 
anteroposterior 
SURVEY Gi rads oc enkeneeceeecore .0062 


Diameters of nasal bones - 


Diameters P-m. iii 
Diameters m. i < 


Diameters m.{iii. 


Diameters P-m. iv} 


Diameters m. i ; 


Diameters m. iii 


The second specimen with permanent dentition is of smaller size than 
the type, and the canine teeth are small. It may have been a female. The 
dental series, including the canine, measures M. 0.59 ; the premolar series, 
0.28 ; the true molars, 0.31. 

The number of specimens of this animal found in the restricted area of 
the Ticholeptus bed of Deep river, Montana, shows the former abundance 
of the species. It was probably gregarious, in the manner of the other 
Oreodontide. We can depict it as seeking the swamps of the shore for its 
vegetable food, and spending much of its time in the water when not feed- 
ing. It was doubtless a good swimmer, and the characters of its feet will 
be sought for with interest for light on this point. The use of the huge 
superior nasa) vacuity of the skull of this genus and Leptauehenia can 
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only be guessed. Perhaps it supported an inflatable bladder like that of 
the crested seal, or a swollen muzzle like that of the saiga antelope. 


Cyclopidius emydinus, sp. nov. 


This species is represented in my collection by a nearly perfect cra- 
nium. It indicates an animal of about the same size as the C. simus. The 
differences between the two species may be enumerated in advance of 
the detailed description. Firstly, the external vertical ridges or crests of 
the true molars are directed obliquely forwards so as to overlap the ex- 
ternal wall of the anterior crescent much more extensively than in 0. 
simus. (2) The crowns of the true molars have a relatively greater trans- 
verse diameter. (3) There is a peculiar process at the external base of the 
otic bulla, between the paroccipital and postglenoid processes, which may 
be called the subtympanic process. (4) There is no median occipital 
keel. (5) The maxillary bone is prolonged posterior to the last superior 
molar, which it is not in 0. simus. (6) The oblique orbitosphencid ridge 
is wanting. (7) The otic bulle are shorter and wider in their form. This 
character will require confirmation by examination of many individuals. 

The skull is singularly depressed and expanded laterally, so as to pre- 
sent an outline not unlike that of some river turtles. The orbits are in 
the anterior half, and look forwards and upwards, as well as outwards. 
The muzzle is short, so that its lateral borders approximate rapidly to a 
narrow truncate extremity. The maxillary borders do not contract quite 
so abruptly, and are visible outside of the canthus rostralis, when the 
skull is viewed from above. The brain-case is depressed, and is expanded 
posteriorly, and narrowed at the anterior line of the zygomatic foramina. 
The posterior temporal ridges are much expanded, forming a wide rim 
round the brain-case posteriorly, which is continued into the squamosal 
processes of the zygoma on each side. The anterior temporal ridges ap- 
proach each other very gradually on the middle line, and only reach the 
union into a sagittal crest a centimeter posterior to the frontopariétal su- 
ture. The edge of the crest is truncate, and it is not bifurcate posteriorly, 
as in most Oreodontide. 

The occiput is broad and low, and differs in character from that of most 
other members of the family. Its posterior face is flat, only interrupted 
by a fossa on each side, just within the posterior edge of the meatus audi- 
torius externus. This edge is continued downwards into the external bor- 
der of a distinct mastoid process, which is also the external border of the 
occiput, deflected a little forwards. The paroccipital process is flat at the 
base, and is applied to the external half of the otic bulla. Its free extrem- 
ity is subround. The mastoid process forms a prominent ala of its exter- 
nal side, having a transverse width equal to that of the base of the par- 
occipital. Its inferior edge is truncate obliquely outwards and downwards 
to a subacute angle. The occipital condyles are relatively small. 

The external meatus of the ear looks outwards and backwards at an 
angle of 45° to the middle line. The prominent edge of the mastoid pro- 
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cess is directly below its anterior border. Thus the tympanic bone is 
directed obliquely downwards and forwards. Posteriorly it is separated 
by a groove from the mastoid process. Anteriorly it is separated by a fossa 
from an osseous mass which occupies the space between it and the post- 
glenoid process. Before the skull was reconstructed from its fragments, this 
mass was observed to be entirely distinct from the postglenoid process, 
which it equals in height. Continuous with it, there descends another 
osseous body to near the line of the extremity of the mastoid process, ‘with 
a truncate inferior edge, which is separated from the otic bulla by an open 
groove. The stylohyal ligament is probably inserted into a fossa at the 
anterior extremity of this groove. The postglenoid process is low and 
more extended transversely. The anteroposterior diameter is small. The 
glenoid surface is much extended transversely and terminates externally in 
a slight thickening. The zygomatic process of the squamosal bone is at 
first expanded horizontally and has a low convexity of the thin superior 
edge. Its vertically compressed portion is entirely supported by the ma- 
lar, and does not extend so far forwards as the anterior edge of the 
zygomatic foramen. The malar bone is remarkable for the depth of its 
suborbital portion, which fully equals the diameter of the orbit. Its infe- 
rior edge presents a thickened angle downwards below the anterior part of 
the last superior molar. Its superoanterior angle terminates in a promi- 
nent rib of the side of the face, which extends along the inferior edge of 
the facial vacuity. Beneath the anterior part of the latter the face is con- 
cave. Above this concavity the ascending plate of the maxillary is con- 
vex in the vertical section, turning inwards at the apex to unite with 
the lateral part of the extremity of the nasal bone. The preorbital fossa 
is small and looks forwards and upwards. 

The otic bull are larger than in any other Oreodontid. They are of a 
short oval form, somewhat truncate anteriorly and posteriorly. Thus they 
differ from those of C. simus, where they are elongate-oval. They only 
reach as far anteriorly as the middle of the internal extremity of the 
glenoid surface ; while in C. simus they reach the line of the posterior 
outline of the zygomatic foramen. They terminate near the inferior inter- 
nal point, in a little acute osseous apex, which is smaller than in (. simus. 
The bull approach so closely together that the bassioccipital is much nar- 
rowed, and the sides of its inferior surface are excavated so as to reduce 
the middle line to a narrow acute keel. The lateral excavations follow the 
posterior internal base of the bulle, leaving a median table, which is itself 
excavated by a shallow fossa, which extends from the median keel to the 
foramen magnum. The median keel disappears anteriorly. The sphenoid 
is protuberant downwards as a narrow convex rib, which rises and disap- 
pears in the presphenoid. The descending sphenoid ala forms the posterior 
boundary of the posterior nareal trough, and makes a strong angle with 
the pyramidal process of the palatine, which is turned outwards. The 
pterygoid squama terminates in an apex which points downwards and 
posteriorly towards the apex of the otic bulla. The palatonareal berder is 
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V-shaped, and is in line with the posterior edge of the maxillary bone. The 
latter projects beyond the last molar tooth as far as the anteroposterior 
diameter of the latter. It has no projection in the C. simus. There is no 
notch between the maxillary bone and the processes pyramidalis of the 
palatine. The palate is of nearly equal width from the last molar to the 
third premolar ; its roof is gently concave posteriorly ; néarly flat anteri- 
orly. 

The premaxillary bone is « narrow strip which rises nearly vertical- 
ly from its short alveolar border, and is curved outwards above in 
agreement with the expansion of the anterior edge of the maxillary, to 
which it is united by simple suture. The nasal bones are of remarkable 
form. Together they enter the anterior part of the frontals in a V-shape, 
and extend forwards in a narrow shaft. Opposite the anterior borders of 
the orbits the shaft begins to widen gradually, and the surface to flatten, 
until they reach the posterior angle of the ascending part of the maxillary. 
Each one then expands outwards, terminating in a semi-disc which fits 
the concavity of the superior edge of the maxillary above mentioned. 
The entire shape of the nasal bones is that of a spade with a triangular apex 
to the handle, and the short blade at the opposite (anterior) extremity. 
The frontal bone is V-shaped, the angle posteriorly directed, and engaged 
between the pariétal bones, and each branch termizating above each orbit. 
Narrow prolongations extend anterior and posterior to the orbit, joining the 
Jachrymal and malar bones respectively. Its median suture is, like that of 
the nasal bones, well defined. The alisphenoid and pariétal have extensive 
connection. The pariétosquamosal suture is horizontal in front; it then 
gradually rises. It is not associated with a ridge as in some other species. 
The occipital forms the posterior five millimeters of the sagittal crest. 

The nasal opening is subtriangular, with the base above, and is directed 
anteriorly. The facial vacuities are enormous, and excavate the frontals 
to a point which make tli@ anterior third of the orbit’s diameter. They are 
only separated on the median line by the very narrow isthmus of the 
nasal bones. The infraorbital foramen is above the anterior part of the 
fourth surperior true molar. The frontal foramina are small, and are not 
symmetrical. That of the left side is half-way between the median suture 
and the superciliary border; the other is nearer the superciliary border. 
No supraglenoid foramen. Postsquamosal present; that part of the 
cranial walls is injured. The anteroposterior diameter of the orbit ex- 
ceeds the vertical. The auricular meatus is the largest known in the 
family, and it has a prominent border and regularly oval outline. Its 
long diameter rises posteriorly from the horizontal. It is more laterai- 
ly and less posteriorly directed than on the typical and only skull of 

, 0. simus. The foramen magnum has an openly angulate superior bor- 
der. Jugular, condyloid, and carotid foramina not obvious, owing to the 
close contact of the otic bulla with surrounding bones. Foramen ovale 
larger than the ¥. lacerum anterius, and external to it in position. F. ro- 
tundum still larger, inferior in position, bounded on the external side by a 
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tuberous projection of the angle from the anterior edge of the glenoid sur- 
face. There is a deep fossa at the internal base of the postglenoid process, 
which possibly enters a foramen. No postglenoid foramen. 

Although the skull of the Cyclopidius emydinus is more robust than 
that of OC. simus ; the length of the tooth-line is the same. The in- 
cisive edge of the premaxillary bone displays one empty alveolus, from 
which the single incisor was easily shed. The canine is not large, and 
the base of the crown has a regularly convex anteroexternal face ; apex 
lost. The diastema posterior to it is equal to its diameter. The crowns of 
the premolars are worn; they are of about the size and proportions of 
the CO. simus. The true molars differ, as I have already pointed out, in 
their greater transverse diameter, and the greater anterior prolongation 
of the anterior horns of the posterior external crescents. The deep notch 
which is enclosed between this fold and the wall of the crescent in front 
of it is filled with cementum. As to the form of the true molars, the 
transverse diameter of the first considerably exceeds its anteroposterior 
diameter ; in the C. simus the former diameter is equal to the latter. In 
C. emydinus the last true molar is as wide as its length without the heel ; 
in the OC. simus, the transverse diameter is much less. In C. simus the heel 
is more prominent, and is recurved into a vertical ridge, which is wanting 
in the C. emydinus. In C. emydinus this tooth shows but little of the pris- 
matic character, as the roots are of usual length. 

The lower jaw of this species is not yet known. 


Measurements. 
M. 
Length of skull along base.........0....seeeeceeeeee > 129 


Length from condyles to posterior edge of zygomatic 
TRPRTNGR » 0.00 nc.co nes cvensspteddaneese sicccercove 042 
Length from condyles to palatonareal foramen........ -063 
4) . ‘« * Jine of last truemmolar....... -071 
ste ** occipital crests to line of orbits.......... .074 
a ? ” ** ** facial vacuities......... -084 
*: = oe ‘** “ascending process of 
SRORIPEOY BORER: « o:0:00'0,0:0:0.0.60800we svdetens css devs 115 
Length from occipital crest to free end of nasal bones. .126 
Elevation occiput, including condyles......... see ihe 045 
of front at middle of orbit, without molars.. .035 
” ** maxillary bone at P-m. iii..............- 015 
“ " . eto) en kee ods acteians .025 
beat: of skull at occipital condyles................+- -0675 
‘**  « superior edge of meatus auditorius... .057 
“ © middle of zygomatic foramina....... .092 
“* brain-case at middle of zygomatic foramina.. .029 
FE ia bins cece ne sorte cp cscececns - 
oF gk TE BEB. 6 os neawbacasceces cevces 047 
** muzzle at superior edge of nares............ .0215 
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Measurements. 


Diameter external nares f vertical 
\ transverse above 
anteroposterior 
CAM VETBE ccc cocccece : 
anteroposterior ...............e008 ; 
WOREICAL 5 oo occ sccee SE MMebie es o's0 00 i 
Diameter of zygomatic foramen { cae we : 
ransverse 
‘bh ae 4 
V tramsverse..........0. 4 
VOEUIORE 6 vc cn secs ake a 
anteroposterior........ b 


Diameter of a facial vacuity { 


Diameter of orbit ; 


Diameter of foramen magnum 


Diameter of meatus auditorius ; 


vertical. . 
Diameter of otic bulla |anteroporierir. inline winimnbsaiin : 
transverse .022 
Width between canine teeth.........seeeeeseeeee once: ane 
se a WORE SHOR BROIRTE ok ccctccsencccsscoce Mee 
Length of dental series . .065 
sin SPS TT DONIOS 6 oo 6 is 5 c's cetsv nce as -. 0348 
” premolar .0254 
§ anteroposterior a .0056 
¢ transverse .0050 
anteroposterior. ........6. sees -0070 
transverse.... ....... ‘ eetéen’ O00 
§ anteroposterior......... Cons Uneweees .0075 
© GR a iene opin s os ves .s» .0110 
BUICTOPORtOTIOP oS vciccc sccce cece .017 
transverse (with external rib)...... .012 


Diameters P-m. ii 
Diameters P-m. iv} 
Diameters m. i 


Diameters m. iti} 


The only specimen of this remarkable species known to me was found 
in the valley of Deep river, Montana, by my assistant, Mr. J. C. Isaac. 
The wear of the true molars shows that the animal was of full age, though 


not old. 
PITHECISTES Cope. 


Proceedings American Philosophical Society, 1877, p. 219. 

This genus represents the final term in the decadence of the once 
powerful and numerous family of the Oreodontide. It is unfortu- 
nately established on a mandibular ramus only, and although some 
maxillary bones are referred to it with much probability, they are not 
preserved in such a way as to demonstrate the presence of the large 
nasal sinuses characteristic of Leptauchenia. I, however, suspect that 
they occur. The genus further resembles Leptauchenia in the cods- 
sification of the mandibular rami, and the reduction in number of the in- 
cisor teeth. In P. brevifacies there is but one inferior incisor tooth on each 
side. As reduction in the superior incisors usually precedes reduction in 
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those of the lower jaw, I suspect that the former were absolutely wanting 
in this genus. If so, we have in the Orcodont line the same process of re- 
duction above, as has taken place in other lines of Artiodactyla at the 
latest or modern stage of their history. 

In Pithecistes the inferior canine is caniniform, and masticated in con- 
tact with the superior canine, owing to the great abbreviation of the sym- 
physeal region. 

The diagnosis of the genus is as follows : 

Inferior premolars three ; incisors one. Canine caniniform, masticating 
with the superior canine. No diastema. Symphysis codssified. 

Two species are referred to this genus without conclusive evidence as to 
the number of their premolars. It is probable that they have but three, 
since their superior fourth premolars are of reduced size and incomplete 
type of form. 


Pithecistes brevifacies Cope. 
Proceedings American Philosophical Society, 1877, p. 219. 
Ticholeptus beds of Deep river, Montana. Discovered by J. C. Isaac. 


Pithecistes decedens Cope, sp. nov. 


Established on a right maxillary bone, which contains the fourth pre- 
molar, the first and second true molars, and part of the alveolus of the 
third true molar. The last named tooth was not probably entirely pro- 
truded. This, with the moderate wear of the fourth premolar, indicates that 
the animal was fully grown, though young. 

The species differs from all the members of the family whose dentition 
is known to me in the small size and simplicity of structure of the fourth 
premolar. The internal crescent of this tooth bounds only the posterior 
three-fourths of the external wall, and therefore leaves the anterior edge 
of the latter free. It is, moreover, not very convex, and its edge is not so 
elevated asis that of theexternal wall. The latter is flat on the external side, 
and its anterior marginal angle corresponds with the point of junction of 
the anterior extremity of the internal crescent. The true molars have the 
anterior horns of their crescents prominent, being sections of well-de- 
veloped vertical columns. In this they differ from those of the P. hetero- 
don, where these ridges are very weak. 

The malar process of the maxillary bone is robust and prominent, and 
begins to expand opposite the first true molar. It presents a tuberosity 
downwards. The infraorbital foramen issues above the front part of the 


fourth premolar. 
Measurements. M. 


anteroposterior. ............ee00. .006 
I ce thedev dice? Sieuekee s -005 
§ anteroposterior ..........6.......465 .0087 
¢ transverse .........06: 0000 Sibeaesawl .0077 
anteroposterior. ..............000% .0115 
RUS URUR Gari a ie easiness os eciss .00€ 
Ticholeptus beds, Deep river, Montana. J. C. Isaac. 


Diameters P m. iv { 


Diameter m. i 


Diameters m. ii ; 
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Pithecistes heterodon Cope. 

Oyclopidius heterodon Cope, Proceeds. American Philos. Society, 1877, 
p. 22. 

In this species the fourth premolar has the same form as in P. decedens, 
but the first true molar differs much in the more prismatic shape, and the 
absence of the external vertical ribs. It is quite possible that it does not 
belong to this genus. 

Ticholeptus beds of Deep river, Montana. J. C. Isaac. 


AGRIOCHE RUS Leidy. 


Proceedings Academy, Philadelphia, 1850, p. 121. Extinct Mammals 
Dakota and Nebraska, 1869, p. 131 (as family Agriocheride). 

Orbit not closed behind. Fourth superior premolar with two external 
Vs. Fourth inferior premolar like true molars. Otic bulla inflated. Pre- 
maxillary bones distinct; no vacuities in the facial bones. 

This genus commences cotemporaneously with the genus Oreodon, and 
persists longer, viz. : to the close of the John Day epoch. It represents a 
distinct line of succession from that which we have been considering, and 
one which contains but two known terms. Next to Agriochcerus comes, in 
this line, the genus Coloreodon Cope, which outlasted its predecessor so far 
as is yet known. It commenced with it in the John Day epoch, and con- 
tinuing into the North Fork beds, which are of later age, did not ap- 
pear later. This series Leidy regarded as a family distinct from the Oreo- 
dontide. For the present I prefer the view of Gill, that it constitutes a 
subfamily, the Agriocherine. 

This genus presents us with one of the very few cases in the suborder 
Artiodactyla, in which the last premolar approaches (above) or accom- 
plishes (below) identity of structure with the true molars. This degree of 
complication was attained at the same period by both the equine and 
rhinocerontic lines of Perissodactyla, and all existing members of that 
order exhibit it. In the Agriocheride it made a beginning, but soon dis- 
appeared from the earth, and no Artiodactyle has developed such perma- 
nent premolars successfully since. 

In the characters of the skull this genus is less robust than the Oreodon- 
tide ; but the general skeleton remains unknown. 

Five species have been described which are referable to this genus, and 
two others are now added. One of the former is without premaxillary or su - 
perior incisor teeth, and I therefore regarded it as representing a distinct 
genus under the name of Merycopater. It, however, appears that no speci- 
mens exist in our museums which exhibit this part of the skull in other 
species of the genus, so it is absolutely uncertain *vhether Agriochcerus 
possesses those teeth or not. The species may then be distinguished as 
follows : 


I. Otic bulle compressed, base anteroposteriorly ovoid. 
@ Foramen infraorbitale above junction of P-m. iii and iv. 
PROC. AMER. PHILOS. SOC. Xxt. 116. 3s. PRINTED JUNE 24, 1884. 
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Front narrower; internal wall of fourth premolar not com- 


Front wider ; skall shorter and higher ; internal wall of inferior 
a ES OR POO eT Tey eee or Tore .-. A. latifrons. 
aa, Foramen infraorbitale above junction of P-m. ii and iii. 
Front medially concave, laterally descending to orbits ; sagit- 
tal crest short A. trifrons. 
II. Otic bulle mammiform with triangular base. 
Front convex ; nasal bones acute posteriorly ; fourth inferior 
premolar complete ; infraorbital foramen above junction of 
P-m. iii and iv See ReON SES 0 abd CSRMEE CS 9 Geb 0s A. guyotianus. 
III. Otic bulle oblong, constricted at the middle. 
Infraorbital foramen above junction of P-ms. ii and iii; front 
plane ; nasal bones truncate posteriorly ; postglenoid pro- 
COR FODUNE 6 0 Sk vsecesees Seeds < od oPeas GRRSEeNs sue b.c A, ryderanus. 


Besides the above, Leidy has described an A. major* as near to the A. 
antiquus, but of larger size. Marsh has described a small species from the 
Uinta formation under the name of A. pumilus.+ Lydekker figures and de- 
scribes a superior molar tooth from India as prohably belonging to this 
genus.{ It is stated by him to have been found in the earlier pliocene for- 
mation. If this determination be correct, it represents the latest known 
species, as the A. pumilus of Marsh is the earliest. Owing to incomplete- 
ness in the descriptions of these species I cannot include them in the above 
synoptic table. 


Agriocheerus antiquus Leidy. 

Proceedings Academy Philadelphia, 1850, 121; 1853, 392; 1854, 157; 
1857, 89, Ancient fauna of Nebraska, 1853, p. 24, Pl. I, figs. 5-10. Bronn 
Lethwa Geognostica, 1856, 933; Leidy Extinct Mammalia Dakota and 
Nebraska, 1869, 132, Pl. XTII, fig. 4. 

White River epoch of Nebraska and Dakota. 


Agriocheerus major Leidy. 

Proceedings Academy Philadelphia, 1856, p. 164; 1857, 89. ? Hucro- 
taphus auritus Leidy, Owen's Report Geological Survey, 1852, p. 563, 
Pl. XV, figs. 1-8. Ancient Fauna of Nebraska, 1853, p. 56; Pl. VII, 
figs. 1-3. Bronn Lethea Geognostica, 1856, 931. 

White River formation of Dakota and Nebraska. 


Agsriocheerus latifrons Leidy. 

Proceedings Acudemy Philadelphia, 1867, p. 32. Extinct Mamm. 
Dakota, Nebraska, 1869, p. 135, Pl. XIII, figs. 1-3. 

White River epoch ot Dakota and Nebraska. 


* Extinct Mammalia of Dakota and Nebraska, p. 134. 
+ Amer. Journal Science and Arts, 1875, p. 230. 
t Paleontologica Indica, 
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Agriocherus trifrons sp. nov. 

This species is known to me by a single cranium of an immature indi- 
vidual. It lacks of perfection only the basioccipital, the pterygoid, and 
the alveolar border of the premaxillary bones. It retains the third and 
fourth deciduous premolars, while the third true molar is still in its alveo- 
lus, where it is exposed in place. 

Although the specimen is immature, its characters will not permit me to 
place it with any other species known to me. I have specimens of like age 
of the A. guyotianus, and these are quite different. From A. ryderanus 
it differs in the form of its otic bulla, etc. 

The muzzle and front form a flat horizontal profile, while the pariéta] re- 
gion is convex. The profile descends gently to the supraoccipital border, 
or inion. The muzzle is compressed above and below the canine alveolus, 
and there is a concavity above the third and fourth premolars, and behind 
the foramen infraorbitale above this fossa the lachrymal region is con- 
vex. The nasal bones are lost, so that the form of their posterior suture 
cannot be ascertained. The frontal bones are gently concave in transverse 
section between two lines produced forwards from the anterior extremities 
of the temporal ridges, that is at the postorbital constriction of the cranium. 
These lines are represented by a rounded longitudinal angle, from which 
the frontal bone descends to the superciliary border on each side. A trace 
of this form is seen the A. ryderanus. The supraorbital borders diverge 
outwards and backwards to the postorbital processes. These are prominent 
horizontally, and are abruptly decurved at the apex. The temporal ridges 
enclose an urceolate area, having a gentle convexity in their direction be- 
fore they unite at a point more posterior than in the other species, that is 
above a line connecting the anterior borders of the postglenoid processes. 

The malar bone is slightly concave on the external face, and is mode- 
rately deep, and not thick. The squamosal part of the zygoma is rather 
slender, and does not rise above the postglenoid process. Its superior edge 
continues without interruption into the posterior temporal crests, and so 
into the supraoccipital. The postglenoid process is like that of A. guyo- 
tianus, narrow and produced downwards. Paroccipital lost. The otic 
bulla is large, its anterior edge extending anterior to the postglenoid pro- 
cess. It is nearly twice as large as in M. guyotianus, and extends much 
further forwards. It presents two flat sides, one external, the other out- 
wards and forwards, and a convex side inwards and backwards. These 
sides meet at an angular edge below, which runs outwards and backwards. 
The sphenoid bone is convex between the bulle. Basioccipital lost. The 
palatonareal border is convex, and is opposite the middle of the second 
true molar. In the mature skull it would be probably more posterior. The 
palate is everywhere concave in transverse section. 

The frontopariétal suture is broadly convex, and is opposite the anterior 
edge of the glenoid surface, and 25 mm. in advance of the sagitta] crest. 
The anterior processes of the bone on each side of the nasals are wide and 
truncate, and do not extend beyond the interior suture of the lachrymal 
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bone. The latter is about as long on its superior sutures as it is deep at 
the orbit. It presents a distinct preorbital angle above a prominent tuber- 
cle. The occipito-pariétal suture extends well forwards, 30mm. in advance 
of the crest. The squamosal.does not reach tothe lateral occipita) crest. 

The infraorbital foramen occupies the position it has in the A. ryderanus. 
In a young specimen of A. guyotianus it has the same position as in 
the adult. The frontal foramina are about as far apart as each is from the 
supraorbital border. There is a postpariétal foramen on the pariéto squa- 
mosal suture, and there are three postsquamosals, two of them near 
together, and near the posterior suture, the other below the postpariétal 
foramen. Foramen ovale oval, about as large as the F. rotundum, and 
separated from the foramen lacerum by the produced base of the inferior ala 
of the sphenoid bone. Palatine foramen opposite the third deciduous pre- 
molar. 

Superior canine teeth robust, bases of crown one-half lenticular, the pos- 
terior face truncate. A considerable diastema anterior to first premolar, and 
a short one behind it. Other teeth in continuous series. First and second 
premolars two-rooted ; absolutely simple. Third and fourth crown of first 
of usual form. First true molar smaller than second. Enamel minutely 
roughened. 


Measurements. M. 


Length from supraoccipital crest to canine inclusive... .180 
e a 2 ‘« front of bulla...... .036 
; ** ** penultimate molar. .108 
** orbit (axial)..... .105 
‘* front of orbit...... .126 
of sagittal crest 
** superior molars (last included)............ .076 
2 ‘* premolars........ 
Diameters M. i § *2teroposterior 
OT en kis aa te net 05. bein : 
§ anteroposterior 
¢ transverse 
Width of skull at postglenoid inclusive ..... hecsdveeos .077 
* " ** middle of zygomas.................- .050 
+ vs ** fundus of canine alveolus........... -088 
between canines..... .020 
4g second true molars : 
of skull at postfrontal processes.............+. .076 
“« ** between anterior rims of orbits........ .066 


Diameters M. ii 


The label from this specimen is lost. It is, however, from Oregon, and 
to judge from the color, from the true John Day epoch, rather than the 
North Fork bed. 
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Agriocheerus guyetianus Cope. ; 

Hyopotamus guyotianus Cope, Proceedings American Philosophical So- 
ciety, 1878, p. 77. Merycopater guyotianus Cope, American Naturalist, 
1879, p. 197, Proceeds. Amer. Philos. Soc., 1879, 375. 

Three crania, one with nearly entire mandible, and numerous fragments 
with mandibles, represent this species in my collection. It is the most 
abundant species of this genus in the John Day beds of Oregon. 

The cranium is of peculiar form. It is elongate from the orbits back- 
wards. The muzzle is elevated and compressed, so that the profile is hori- 
zontal, with subordinate irregularities. The occiput is therefore low as 
compared with the muzzle. The zygomata are rather slender, and are not 
expanded. The side of the muzzle is concave just below the superior 
border of the maxillary bone and above the fundus of the canine alveolus. 
The inferior part of the maxillary is concave from below the antericr 
border of the orbit to the line of the canine alveolus. The region above 
and anterior to the lachrymal bone is convex, leaving the flat nasal bones 
a little depressed. The frontal has a convex swelling on the middle line 
just posterior to the frontal foramina, from which point the surface slopes 
gradually and evenly to the supraorbital borders, and not in two planes, 
as in A. trifrons. At the front of the orbit the section of the frontal bone 
is convex at the sides and a little so at the middle. The supraorbital 
border is short and concave; not long and straight as in A. trifrons, and 
the postfrontal process is moderately prominent, and is not decurved. The 
anterior temporal ridges do not reach them. The former converge in 
nearly straight lines at an acute angle to a long sagittal crest. This in turn 
bifurcates into two very prominent posterior temporal crests, which over- 
hang the occipital condyles. The brain-case is an elongate-oval, and the 
olfactory portion is long and narrow, but not especially constricted at any 
one point. There is a prominent small tuberosity at the inferior part of 
the lachrymal bone ; above it the preorbital border is not defined as far as 
the beginning of the supraorbital. The postfrontal process originates be- 
low the anterior temporal surface which is continued along its posterior 
edge. The malar bone is concave on its external face. The zygoma is 
compressed, and has a long low superior convexity behind. Its crest con- 
tinues into a fine, low, posttemporal crest, which turns posteriorly above 
to its prominent posterior expansion above mentioned. The latter turn 
outwards at the apices, and send a low ridge downwards towards the occi- 
pital condyle. Below, the latter form a low angle on each side, which sep- 
arates a median from a lateral plane. Above, the occiput is deeply con- 
cave, and has a trace only of median keel. 

The basicranial axis is flat and rather wide between the otic bulle. 
The occipital condyles have distinct inferior boundaries which are sepa- 
rated by a flat interval. The posttympanic region is wide, and is bounded 
inferiorly by the deep styloid fosca. This is surrounded internally and pos- 
teriorly by the funnel-shaped base of the paroccipita! process, which ex- 
tends first posteriorly as a longitudinal lamina, and then outwardly. Its 
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edge terminates in a rough band which curves upwards and backwards to 
a point above the line of the occipital condyle. It is separated by a shal- 
low groove from the corresponding posttympanic ridge. The tympanic 
bone is not so long as in the species of Oreodontinz, and presents a tube- 
rosity externally. Like the paroccipital its base unites with the otic bulla. 
The bulla is emall. Its base is extended towards the postglenoid process, 
but it is well separated from it, and does not reach the line of its anterior 
border. It presents a face anteriorly, and one inwards. The postglenoid 
process is narrow transversely, the depth and width being equal, and is 
elongate downwards. 

The coronoid process of the mandible is short, but has a base extended 
anteroposteriorly. The articular face of the condyle is convex anteropos- 
teriorly, and is extended downwards on the inner side behind. The hori- 
zontal ramus is slender, and has a straight inferior border. (The angle is 
broken away from this specimen.) The symphysis is oblique and nearly 
straight in profile. It is moderately elongate, and has the suture persist- 
ent. There is a tuberosity looking downwards from its posterior extremity, 
where it is rounded-compressed. 

The facial part of the lachrymal bone is longer than deep, and the lateral 
anterior part of the frontal is wide and obtuse, and extends anterior to the 
lachrymal. The nasals extend posteriorly to terminate in an acute angle 
which is above the anterior edge of the orbit. The frontopariétal suture 
extends across the space between the anterior temporal ridges at a point 
half way between the anterior border of the orbit and the anterior glenoid 
margin. The malomaxillary suture has no anteroinferior process. The 
mastoid forms a distinct mass between the exoccipital and squamosal. The 
sutures are largely codssified. 

The infraorbital foramen is above the contact of the third and fourth 
premolars. The space between the frontal foramina is about one-sixth the 
interorbital width. There isa large postpariétal foramen on the pariéto- 
squamosal suture, and there are two small postsquamosal foramina, in line 
above the posttympanic tuberosity. The mastoid foramen is small, and is 
not situated in a fossa of any extent, as is the case with the species of the 
Oreodontine, There is a large foramen intermediate in position between 
that of the anterior condyloid and the jugular. Anterior and a little ex- 
ternal to it and slightly elevated between the confluent base of the paroc- 
cipital process and the otic bulla is another foramen, perhaps the jugular. 
Between the posterior base of the bulla and the basisphenoid, is a smaller 
foramen, probably the carotid. The other foramina are yet concealed by 
the matrix. 

The teeth do not differ in their form from those of other species of the 
genus. The second and third premolars have triangular bases, the second 
the narrower. The first has two roots. It is accidentally lost from one 
side, which circumstance led me to suppose at one time that this species 
has but three premolars above. The fourth premolar has its posterior ex- 
ternal V well developed, though a little smaller than the anterior. In the 
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specimen now described, the posterior internal rudimental cusp is quite 
well developed ; in the two other specimens now before me it is not so 
large. The superior canine is elongate, and not very robust, and its con- 
vex anterior border is directed partly posteriorly at the apex. The 
enameled portion of the crown is quite short. The premaxillary bones 
are narrow and weak, and are separated so as not to be in contact on the 
middle line. Its border displays two minute alveoli, from which. teeth 
have been shed. I do not suppose that their presence is constant in the 
species. The external alveolus is twice the diameter of the internal. The 
inferior incisors are of normal number, but are very narrow, and much 
crowded. The canines are very narrow, but are longer than the incisors. 
The first inferior premolar is more caniniform than in any other species of 
Oreodontide known to me. The crown is a compressed oval in section, 
and is not expanded at its base. It is enameled to within 5 mm. of the 
alveolar border. A considerable diastema separates it from the second 
premolar. The description of the remaining teeth I take from a separate 
ramus of similar dimensions, as they are concealed in the type by their po- 
sition in juxtaposition with the cranium. The cusps of the true molars are 
pyramidal and acute, and entirely separate from each other. The external 
faces of the external are convex, their internal faces flat. The external 
faces of the internal are convex, the internal faces concave at the base, and 
convex near the apex. The anterointernal angle of the posteroexternal 
cusp extends to the base of the anterointernal cusp. The only difference 
between the first true molar and the fourth premolar, is that the anterior 
crest of the anteroexternal cusp is continued round to the front of the an- 
terointernal cusp, and to the internal side of the crown ; and the apices of 
the two anterior crests are separated by a shallow notch. The second in- 
ferior premolar has two roots. The heel of the third true molar is well de- 
veloped, and is convex posteriorly. 


Measurements. M. 


Length from occipital condyles to postglenoid process.. .038 
“ * e ? ** preglenoid border ... .058 

. ‘** postfrontal process. .104 

+ ** canine, inclusive .... .226 

orbit to canine inclusive ...... ......... .085 
of mandibular ramus from condyle...........-. -176 

as ‘‘symphysis mandibuli below -049 
Widta of occipital condyles inclusive................. -046 
" PFE OE i shih CEE Ki die versie Be 600k 6o'e best 045 

** between otic bullae. osc ..sccccsssccces cove .016 

** at postglenoid processes inclusive........... .079 

‘** of skull above glenoid surfaces............. .100 

6 US - BOlOW: CETIE. oi ive eccd ve nwiionenwaes .099 

#6. SS, | ORR IN is 6 60.vo0s cite cas .068 

‘* at fundus of canine alveoli........... -040 
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Measurements. M. 





Width of skull between last upper molars, inclusive... .070 
Depth of occiput to foramen magnum................ .043 
eS ‘¢ ~ “* DASIOCEFONIEE DONG... 26.2 ccccess -058 

‘* ** skull at last superior molar, exclusive........ .058 

eee Mad = IS -055 

** ** ramus mandibuli at front of M. iii........... -035 

spe nk tad RAS 027 

** — * gygomatic arch above glenoid facet.......... .027 
Diameters of base of crown § anteroposterior.......... .009 
of superior canine ( transverse. ... ........- .0085 
Length of superior diastemia............cceeeeeeseees .022 
oe SP, ¢hatias ne bns oberccespoccse 089 

fo” OO CEN URN MEE, whic sascccereccececsesses .043 
Width of premaxillary bones together........ ocveeses 043 

Diameters of base crown inferior P-m. i; anteropos- 

terior. ...... pees SManns coer hinders) sa ecdoncedewe -0085 
Length inferior diastema.............0c0.ccccececees 015 
- ¥ last three premolars ..........seeeeee: .031 

“ - SU MEGS <i endcenaist covecpeenns .046 

“ " BE SPU ecb cecs scan nes ccccucese .021 

” _ I ots. a 9 o-icea ieee pin ao 6 + 0's .009 

“ “ WNT s cue n bd reeecnbs occevigncancrcns .012 
anteroposterior. .. .019 


Horizontal diameters of otic bulla 
transverse........ .017 

The specimens of this species which I have seen, are from the John Day 

river, and were obtained by Messrs. Sternberg, Wortman and Davis. The 

skull from which the above description was taken is the most perfect one 

of the genus Agriocheerus which has yet been found. 


Agriocheerus ryderanus Cope. 


Coloreodon ryderanus Cope, Bulletin U. 8. Geological Survey Territo- 
ries, vi, p. 173. 

This species is represented in my collection by three nearly complete 
skulls without mandibular rami. While of the general size of the A. guyo- 
tianus, this species displays various well marked peculiarities. The most 
important of these are (1) the shape of the otic bulla, in which it differs 
from all other known Oreodontide ; (2), the position of the infraorbital 
foramen, in which it resembles in this genus only the A. trifrons ; (3), in 
the form of the nasal bones posteriorly, in which it differs from the species 
where this part is known ; (4), in the form of the palatonareal border ; 
(5), in the form of the postglenoid process; (6), in the outline of the sec- 
tion of the frontal bone. 

Agriocherus ryderanus has the muzzle compressed laterally and flattened 
on top, as seen in the A. guyotianus and A. trifrons, and the side of the 
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muzzle has three distinct fosse. . The largest of these is above the position 
of the fundus of the superior canine alveolus ; the second is below the 
fundus; and the third is behind the position of the infraorbital foramen, 
and above the third and fourth premolars, and the first true molar. The 
lachrymal region is plane, and the nasals are flat. The frontal bone is 
nearly flat in section between the posterior borders of the orbits, but each 
is decurved to the lachrymal opposite the anterior border of the orbit. 
There is no indication of the three planes of the infraorbital region charac- 
teristic of the A. trifrons, nor of the median convexity of the A. guyotianus. 
The anterior temporal ridges commence about the middle of the width of 
each frontal bone, and unite after a shorter independent course than they 
have in A. guyotianus into a long, narrow saggital crest. This bifurcates 
posteriorly into two prominent lateral crests, which are directed down- 
wards and soon terminate, but which send forwards and downwards a 
delicate posttemporal crest. This passes without interruption into the supe- 
rior edge of the zygomatic arch. This arch is not expanded either upwards 
or laterally, and is rather weak. The external face of the malar bone is 
gently concave, and the inferior edge is rather wide, is truncate, and 
grooved along the middle. The occiput is deeply concave between the 
crests, and below them is gently convex. The superior edge of the fora- 
men is deeply notched at the middle, much as in M. guyotianus. 

The occipital condyles are large, and their inferoanterior angles are pro- 
duced horizontally for a short distance, forming short processes which are 
separated by a concavity of the basioccipital bone. The latter is plane be- 
low, but anteriorly develops a low meridian angle, which, widening on the 
sphenoid, causes its inferior face to be convex. The posttympanic element 
is distinguishable from the mastoid by a superficial groove, and a slightly 
free apex, and the mastoid from the paroccipital by a slight groove. The 
external base of the paroccipital extends but 5 mm. external to the line of 
the external border of the occipital condyles, and is therefore much less 
prominent than in the majority of species of Oreodontinz. The base of the 
paroccipital has a posterior and an anterior face, nearly at right angles 
with each other. The latter is continued into the pinched posterior promi- 
nence of the auditory bulla, and encloses on its external side, with the 
apex of the posttympanic, the deep stylohyoid fessa. The tympanic bone 
is represented by a tuberosity below the meatus, and a laminar expansion 
on the posterior face of the postglenoid process. The otic bulla’s long axis 
is inwards, and a little posterior from the internal side of the postglenoid 
process, from which it is separated by a narrow interval. The bulla is con- 
stricted at right angles to its long axis, in two parts. The external part 
is subglobular with the side next the postglenoid process flattened. The 
internal part is roughened, displays a flat side posterointernally, and has 
an apical keel which extends posteriorly and a little externally into the 
base of the paroccipital processes. This form is not known in any other 
species of the family. ‘The postglenoid process is more robust than in 
either M. guyotianus or UM. trifrons. Its width and thickness are equal, 
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and are a good deal longer than its height ; in the species named the height 
equals the other measurements. The pterygoid ala rises opposite the 
middle of the end of the glenoid surface, and the angle of its junction 
with the pyramidal process of the palatine is considerably in front of the 
middle of the trough of the posterior nares. Its edge posterior to this 
angle is shallowly grooved. The palatonareal border differs from that of 
any other species of the family known to me. It is acute in front, forming 
a Gothic arch, its apex being opposite the middle of the superior third true 
molar. In a young M. guyotianus, the only specimen of that species in 
which it is perfectly preserved, it is rounded, and extends to the posterior 
part of the second true molar. In an adult specimen, where the middle 
portion of the margin is lost, it extended at least as far forwards ; but its 
form is uncertain. The palate in the A. ryderanus is strongly concave 
throughout. 

The lachrymal bone has a different form from that of a A. guyotianus, 
more resembling that of A. latidens figured by Leidy. Its anterior superior 
angle is not produced, and its outline is a little deeper than long. The an- 
terior lateral prolongation of the frontal extends beyond it by nearly its 
width, and is wide, and terminates in an obtuse angle. The posterior edge 
of the nasals is broadly rounded, truncate at the middle, and is situated 
much in advance of the frontal foramina. The pariétal is in contact with 
the alisphenoid. The squamosal does not extend beyond the vertical line 
from the base of the paroccipital process. 

The infraorbital foramen is above the anterior edge of the third superior 
premolar, a position only seen elsewhere in the genus A. trifrons. The 
superior border of the orbit is concave and short as in A. guyotianus, and 
not straight and flat as in A. trifrons.- The frontal foramina are above 
their middle, and their distance apart goes 4.5 times into the interorbital 
width. There is a large postpariétal foramen on the pariétosquamosal su- 
ture, and a large postsquamosal immediately below it. This arrangement 
differs from that seen in the other species here described, where there are 
two or three postsquamosals well posterior to the postpariétal. Mastoid for- 
amen small. There are two palatine foramina on each side of the mouth, 
one opposite the posterior edge of the second premolar, and one opposite the 
posterior part of the fourth premolar. The anterior condyloid foramen is 
large. On one side is a small posterior condyloid, the only occurrence [ 
have met with in the family. The foramen lacerum posterius is not divided 
into three foramina as in the A. guyotianus, but remains open as in the 
species of Hucrotaphus and Merycocherus. It shows its nearer affinity to 
the first named species, however, in its triradiate outline ; and in the three 
grooves of the side of the bulla, which correspond to two of the three fora- 
mina. The f. lacerum anterius is not large, and is oblongin shape. The 
ovale is rather small, and is entirely bounded on the inner side by the 
pterygoid ala of thesphenoid. The /. rotundum is large and rather poste- 
rior. It is not bounded below by a transverse shoulder as is seen in the spe- 
cies of Merycochcerus, but is continued into a longitudinal groove, whose 
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external wall is longer than in any of the other genera of the family, ex- 
tending to a point half-way between the inferior edge of the foramen and 
the middle of the last superior true molar tooth. It is curved both inwards 
and downwards just posterior to the foramen. 

The superior molar teeth do not differ from those of M. guyotianus, M. 
antiquus and M. latifrons. The canines are very robust, and are separated 
from the first true molar by a considerable diastema. 


Measurements. 


Length from occipital condyles to line of postglenoid 
PFOCESSES .. 6... eeeeees 
Length from occipital condyles to line of preglenoid 
border cove seccesce -060 
Length from occipital condyles to line of postfrontal 
PFOCESS .... vccces ie .110 
Length from occipital condyles to line of canines, in- 
clusive 220 
Length from orbit to canine inclusive ‘ .076 
Width of occipital condyles inclusive. .... 050 
** * occiput at paroccipitals.......... bopescesetas a 031 
between otic bulle ......... .015 
at postglenoid processes inclusive .093 
of skull above glenoid surfaces ............++: -110 
oF A QR A cc twee conescvcesion Fecal ae 
‘« between orbits , .064 
** at fundus of canine alveoli; about...... .029 
‘* between last upper molars, inclusive... .080 
palate at second true molars ..............+ .033 
‘* ** third premolars Csacus Ome 
between superior canine......... pwadebavieeevn ' 021 
Depth of occiput to foramen magnum................ .038 
eee ee ‘* basioccipital....... 057 
‘* skull at last superior molar exclusive........ .050 
‘«  « « first premolar, exclusive............ .046 
** zygomatic arch above glenoid facet ......... .021 
f anteroposterior. .014 
transverse ..... .012 
Length diastema to first premolar............++- .0185 
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The skulls of this species came from the John Day bed of the John Day 
river, Oregon, and were found by Mr. J. L. Wortman. The species was 
established on an immature individual. The adults show that it belongs 
to this genus. 


COLOREODON Cope. 


Proceedings American Philosophical Society, 1879, p. 375. 

Superior premolars three, the fourth with two external Vs, no facial va- 
cuities. 

The mandibles of the species of this genus are unknown, so that the 
character of the inferior dentition is unknown. The otic bulle# are also 
destroyed in all the specimens, so that their character is unknown. 

In its reduced dental formula this genus represents one stage of that 
specialization which Owen has shown, has overtaken all the modern types 
of Mammalia. In this series this process seems to have stopped at this 
point, and not to have gone further, as the entire line has come to an end. 

The first superior premolar probably exists in a rudimental condition for 
a short time, and is early shed. The same state of things has been found 
to exist as an abnormality on one side in the Agriocherus guyotianus, and 
may be found again, but not so as to invalidate the characters of the genus 
Coloreodon. 

Two well-marked species of this genus have been described, which dif- 
fer as follows: 


Smaller ; palatonareal border opposite posterior cusps of second 
true molar; sagittal crest anterior, commencing opposite 
optic foramina 
Larger ; palatonareal border opposite posterior cusps of third 
true molar ; sagittal crest posterior, commencing opposite 
preglenoid border.......ccccecsececcccesecvces «.. CO. macrocephalus. 


Coloreodon ferox Cope. Fig. 1, p. 505. 


Proceedings American Philosophical Society, 1879, p. 375. 
The size of Oreodon culbertsoni. Known from one skull from the North 


Fork of the John Day river, Oregon. C. H. Sternberg. 


Coloreodon macrocephalus Cope. 


Proceedings American Philosophical Society, 1879, p. 376. 

Size of the Hucrotaphus major. The typical skull is from the North 
Fork of the John Day river. A second skull, lacking all the parts posterior 
to the anterior origin of the sagittal crest, is undistinguishable from the 
first. It was found at the ‘‘ Cove’’ of the John Day river, Oregon. Both 
were obtained by Mr. J, L. Wortman. 
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GENERAL CONCLUSIONS. 


From what is now known of the history of the Oreodontide, the following 
conclusions may be drawn. These are especially instructive as far as 
they go, since they involve the causes of the rise, great development, de- 
cadence and extinction of one of the best-marked types of Mammalia the 
world has seen. The history of this type involves more or less the history 
of the life of the North American continent during the Miocene epoch of 
Tertiary time. It moreover involves the laws which regulate the vital 
success of all types of life, and which express the causes of multiplication, 
of energy, of weakness, and of sterility. 

Two lines of the family, the Oreodontine and the Agriocherine, come to 
light simultaneously in geological time, the White River epoch, or the 
Oligocene. The latter is a higher type than the former in its more com- 
plex fourth premolars, while it is inferior in the non-closure of the orbits 
posteriorly. It may then be regarded asa parallel line. It has but two 
generic types, while the Oreodontine present us with seven. So far as yet 
known, the Agriocherinz did not continue as long as the Oreodontine, 
as will be shown in tabular form below. 

In the progressive modifications of the Oreodontine series, the first step 
was the inflation of the otic bulla (genus Eucrotaphus). This was suc- 
ceeded by the codéssification of the premaxillary bones (genus Mery- 
cocheerus). These changes were accompanied by a regular increase in 
dimensions. The species of Merycochcerus are all of the largest size, and 
there are no small ones. The smallest species of Eucrotaphus are equal to 
the largest ones of Oreodon. The fourth genus Merychyus, while it loses 
none of the points already gained, shows a deficiency in its facial walls 
where vacuities appear. There is the greatest ranye of size here : with one 
species (M. major), as large as any of the Merycocheeri, we have another 
as large as the usual Eucrotaphi (J eygomaticus), and several one degree 
smaller, or as large as the largest Oreodons. In the next genus the facial 
vacuities have attained to an enormous size. The premolar teeth become 
smaller, and the weakness of the narrow symphysis of the lower jaw is 
made up for by its codéssification. The size is reduced from equal to the 
smallest Merychyi, to that of the smallest Oreodons (genus Leptau- 
chenia). In the next stage (genus Cyclopidius) the superior incisors dis- 
appear. Finally, the lower jaw is so reduced in front that it loses both 
incisors and premolars, in spite of its symphyseal codssification (genus 
Pithecistes), 

The species may be thus arranged in accordance with their distribution 
in time. 

White River Epoch. Oreodon gracilis ; O. affinis; O. culbertsoni. Eu- 
crotaphus jacksoni; E. major. Agriochcrus antiquus; A. major; A. 
latifrons. 

John Day Epoch. FEucrotaphus jacksoni; E. major. Merycocherus 
superbus; M. leidyi; M. chelydra, sp. nov. ; M. macrostegus, sp. nov 
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Agriocherus guyotianus; A. trifrons, sp. nov. ; A. ryderanus. Coloreodon 
macrocephalus. 

North Fork of John Day River Epoch. Eucrotaphus trigonocephalus, 
sp. nov. ; E major. Coloreodon ferox ; C. macrocephalus. 

Ticholeptus Beds. Merycocherus montanus, sp. nov.; M. rusticus; M, 
proprius. Merychyus arenarum, sp. nov. ; M. pariogonus, sp. nov. ; M. 
zygomaticus. Cyclopidius simus; C.emydinus, sp. nov. Leptauchenia 
major; L. decora; L. nitida. Pithecistes brevifacies ; P. heterodon ; P. 
decedens, sp. nov. 

Loup Fork Beds. ? Merychyus elegans ; M. medius; ? M. major.* 

The stratigraphic relations of these species may be represented under 
their generic heads in the following table : 


John Day 
Epoch. 


No.of species. 
White River 
Epoch. 
Epoch 
? North Fork 
Ticholeptus 
Epoch 
Loup Fork 
Epoch 


Oreodontine. 
Oreodon Leidy 
Eucrotaphus Leidy.... 
Merycocheerus Leidy . . 
Merychyus Leidy...... 
Leptauchenia Leidy ... 
Cyclopidius Cope 
Pithecistes Cope 

Agriocherina. 
Agriocherus Leidy.... 
Coloreodon Cope 


On the Structure of the Skull in the Elasmobranch genus Didymodus. 
By EZ. D. Cope. 


(Read before the American Philosophical Society, March 7, 1884.) 


The genus Diplodus was described by Agassiz from specimens of teeth 
from the European Coal Measures. In America, Newberry and Worthen+ 
have described four species from the Carboniferous of Illinois and Ohio ; 
and I have reported two species from the Permian beds of Illinois and 
Texas. Recently Mr, Samuel Garman has described a shark, said to have 
been taken in the Japanese seas, under the name of Chlamydoselachus 


* The questions refer to the geological age. 
+ Geology of Illinois, vol. ii. 
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anguineus, whose teeth, as represented, do not differ generically from those 
of Diplodus. This is an interesting discovery, indicating that this genus, 
and not Ceratodus, is the oldest type of vertebrate now known in the liv- 
ing state. 

My collections from the Permian beds of Texas include not only 
numerous teeth, but jaws and crania. Among these I recognize two types 
of teeth, which I cannot distinguish from those of the D. compressus 
Newb., and D. gibbosus Agass. Whether these species belong to the same 
genus, is a question which I will discuss at the close of this article. I pro- 
visionally refer the D. compressus to a distinct genus, Didymodus, and 
will so call it in this article. 

The determination of the characters of this genus is a point of much 
interest The teeth resemble those of the existing sharks more than do 
those of any other genus of the Palsozoic ages, but the antecedent im- 
probability of the modern type having existed at such an early period of 
the earth’s history, is shown to be well founded by the present investiga- 
tion, which also throws much light on the question of the general phylo- 
geny of the fishes. 


I. DeEscriprion. 


Twelve more or less complete crania of species of Didymodus are in my 
collection, and one set of jaws with small teeth and part of the cranium 
attached. One of the crania, unfortunately much broken, exhibits also 
some large teeth. All were found by the late Jacob Boll in the Permian 
beds of Texas. 

The skull of this species forms a continuum, which, however, displays 
distinct segments. First, however, as to the tissue of which it is composed. 
Both on the surface and in transverse fractures, it is more or less finely 
granular, the granules distinctly visible to the naked eye. These granules 
are composed of gypsum, as is also the matrix of a darker color in which 
they lie imbedded. Two hypotheses may be entertained regarding this 
structure. First, These granules may be regarded as the casts of coarse 
cartilage cells, and the matrix be in the place of the intercellular cartilage, 
replaced like the woody tissue in petrified wood. Second, The granules 
may be looked upon as replacements of osseous granules, such as cover 
the chondrocranium of most Elasmobranch fishes, while the matrix may 
be a replacement of the cartilage. The latter hypothesis is the more 
probable of the two, for two reasons: First, There is little probability of 
an unsupported chondrocranium retaining its form sufficiently long to per- 
mit the filling of its cells with a mineral deposit. Second, The granular 
type of ossification is well known in existing Elasmobranchs. It is only 
necessary to believe that the chondrocranium is penetrated by this kind 
of ossification. This state of things exists in the jaws also, which I de- 
scribe later. This structure has already been observed by Kner in the 
genus Pleuracanthus. 

The osseous cranium is abbreviated anteriorly, and elongated posteriorly, 
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The orbit occupies part of the anterior third of the length. It is bounded 
in front by an obtuse preorbital process, and posteriorly by a laterally 
expanded and decurved postorbital process. The latter bears an articular 
facet on its posterior and inferior face. The top of the muzzle is exca- 
vated by a fontanelle which does not extend posterior to a line connecting 
the preorbital processes. 

There is a prominent cup-shaped occipital condyle. On each side of 
the cranium a short distance anterior to it, is a prominent process extend- 
ing outwards and a little backwards, which is excavated on its inferior 
side, but whose posterior side is decurved, so that the inferior concavity 
looks partially forwards. Into this cavity, and abutting against the 
decurved posterior edge, is a lateral process of the basal axial bone of the 
skull, which I take to be homologous with the lateral ale which occupy 
the same position in the sharks. Anterior to this junction no doubt the 
hyomandibular bone was suspended, for I suspect that it was articulated to 
a small condyle which is wedged into the fissure between the inferior and 
superior elements described, a centimeter anterior to their posterior 
extremities. This condyle is a distinct element of a subglobular form. 

The interorbital plane is continued posteriorly, bounded on each side by 
a depression which probably corresponds to the temporal fossa of higher 
vertebrates. The edges of this plane are thus well within the lateral 
borders of the cranium. The plane risesa little posteriorly, and is split 
into two narrow wedge-shaped processes, which project freely upwards 
and backwards. The rather short remaining part of the roof of the skull 
has a keel or sagittal crest on the middle line, which descends gradually 
to the foramen magnum. 

The base of the skull forms a continuum from the edge of the large occi- 
pital cotylus to the acuminate anterior extremity. The lateral basal ale 
are subcylindric, and are separated from the basicranial axis by a fissure 
for a short distance, and then unite with it. Two or three foramina ante- 
rior to this reunion, are in line with the defining fissure just mentioned. 
The basis cranii sends out a process on each side below the postorbital 
processes, giving a cross-shape to this part of the base of the skull. An- 
terior to this point it is free from other elements and contracts to an 
acuminate apex. 

The cranium is segmented, but a clean specimen is necessary to per- 
mit the straight sutures to be seen. In the first place, there is a distinct 
occipital bone, which includes exoccipital and basioccipital elements com- 
bined. The latter includes the large occipital cotylus, as in the Rhachi- 
tomous batrachian Trimerorhachis, and differs from the structure seen in 
the Lepidosirenide, where exoccipital elements only are present. The 
occipital extends but a short distance on the inferior face of the axis. . It 
is preceded directly, and without imbrication, by a continuous axial ele- 
ment. If we recognize in the granular character of the tissue evidence 
of true ossification of the chondrocranium, we have here true continuous 
sphenoid and presphenoid bones. 
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Returning to the superior face of the cranium, we observe that the 
exoccipital elements form a wedge-shaped body, divided on the middle 
line by suture, with the apex forwards. Traces of this division are figured 
by Gegenbaur as present in Heptanchus.* Anterior to this the middle 
of the cranial roof is apparently occupied by another triangular bone with 
the base posterior and the apex anterior, and concealed beneath the free 
extremity of the element in front of it. The lateral sutures only are dis- 
tinguishable, appearing as grooves (fig. 2). This is the pariétal bone. Ex- 
ternal to this and the occipital, and filling the space behind as well as an- 
terior to the postero-lateral angle of the pariétal, is the element which is 
produced outwards and backwards as already described. Were I describ- 
ing a true fish, this bone might be intercalare (epiotic) or pterotic. Perhaps 
it is both combined, or it may be the cartilage bone called by Giinther, 
in Ceratodus, the ‘‘tympanic lamina.’’+ The element anterior to the 
pariétal is the cartilaginous representative of the frontal, and the fact 
that it terminates posteriorly in two free processes is significant of the 
true homology of the bones which terminate in like manner in the crania 
of the Lepidosirenide.{ In this family and in the Ceratodontide these 
bones are more or less separated on the middle line by the median pos- 
terior element. In Ceratodus the separation is wide ; in Lepidosiren the 
interval is uninterrupted, but narrow in front. In Protopterus these 
elements are in contact on the middle line, but diverge posteriorly. 
Bischoff, Stannius§ and Giinther identify these elements with the frontals 
in the genera they have described. Huxley] calls them supraorbitals, so 
that it becomes necessary to name the median posterior element a fronto- 
pariétal, as a combination of two bones usually found distinct in fishes. 
The furcate structure of the frontal cartilage in Didymodus goes to show 
that the identification by Bischoff and Giinther is the correct one. There 
are also in this genus distinct paired membrane bones which do not take 
part in the bifurcation in question, and which appear to represent the 
frontals of Ceratodus. Each of these is a flat, subcrescentic supraorbital 
plate, which has a concave superciliary border. It is separated by a con- 
siderable interval from its fellow of the opposite side. Its anterior 
extremity is notched by a fossa which I suppose to represent the ante- 
terior (posterior in position) nostril. The ? frontal of the right side is. dis- 
placed, and appears as a lamina lying on the frontal cartilage, showing 
that itis a membrane bone. From its relation to the nostril the question 
arises, whether it be not the homologue of the nasal. 

For hyomandibular bone, palatopterygoid arch, and maadibular arch, 
we have to rely principally on one specimen. On one of the skulls, two 


* Ueber den Bau des Schedels der Selachier, 1872, P1. I. 

+ Philosophical Transactions of the Royal Society, 1871, p. 511, indicated on 
the plates by the letter d. 

t Lepidosiren paradoza by Bischoff, Prof. in Heidelberg ; Leipsic, 1840, 

? Handbuch der Anatomie der Wirbelthiere; Rostock; Erstes Buch, die 
Fische, 1854, p. 49. 

| Anatomy of Vertebrated Animals, 1871, p. 145. 
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curved rib-like bones lie parallel and divergent posteriorly on the right 
side of the frontal, in the temporal fossa. I cannot identify them. They 
are not present on the opposite side. As already described, there is a 
facet on the infero-posterior face of the postfrontal process. “This in- 
dicates the point of articulation of the palatopterygoid arch, as it exists 
in the group Opistharthri of the sharks as defined by Gill, and as is clear- 
ly proven by the specimen now to be described. 

This includes the entire palatopterygoid and mandibular arches of one 
side, and the greater part of that of the opposite side, together with a 
considerable part of the right hyomandibular bone and probable ex- 
tremity of the ceratohyal. The anterior parts of both jaws support 
numerous small teeth, which closely resemble those described by Agassiz 
as belonging to his D. gibbosus.. They differ from those of the D. compres- 
sus in their smaller size. The palatine bones do not project much beyond 
the mandible, which, taken in connection with the form of the muzzle 
above described, renders it probable that the mouth was nearly terminal. 

In the palatopterygoid arch there is no noticeable separation or suture 
between the palatine and pterygoid elements. The inferior border of the 
palatine is swollen below the orbit; its superior plate rises into a strong 
suborbital ala, which is concave externally, with thin superior edge. This 
edge rises posteriorly, giving the outline an elevated convexity, whose 
greatest upward prominence is above a point a little posterior to the 
middle of the jaw, and which probably articulated with the postorbital 
process of the cranium. Its surface gives indication of an articular sur- 
face appropriate to the corresponding one of the cranium. The superior 
border then descends rapidly to a vertical posterior border, which forms 
a somewhat prominent rim. This descends to the mandible, forming a 
regular ginglymus, the mandible bearing the cotylus. The mandible is 
rather robust; its inferior edge is rather thin, and becomes incurved 
anteriorly. Its superior border is regular, except that it rises a little at 
the coronoid region, and is impressed, corresponding with a concavity of 
the surface, and arch of the border of the pterygoid region, just anterior 
to the posterior prominent ridge which forms its posterior edge. 

The hyomandibular bone is only exposed for its inferior half. It issues 
from behind the palatopterygoid as a narrow shaft with obliquely truncate 
extremity. 

It is thus evident that the arrangement of the jaws is as in the two ex- 
ceptional existing genera, Hexanchus and Heptanchus. 

The external nostril already referred to, is a distinct, rather small fossa, 
on the lateral part of the superior face of the muzzle, near the extremity 
of the osseous portion. It is visible on both sides of the best-preserved 
specimen. It is continued forwards as a shallow groove. At the apex of 
the muzzle, is a fossa looking downwards, where roofed on each side by 
the ? nasal bones, which may represent the posterior nasal cavity. Or the 
latter may probably be represented by a lateral fossa just in front of the pre- 
orbital process. In either case it is evident that the nares are separated, 





1884.) 577 [Cope. 


and that the posterior one cannot be said to be within the oral cavity, as 
is the case in the known families of the Dipnoi. It is probable that there 
is a frontoparietal foramen at the posterior bifurcation of the frontal bones, 
corresponding to the conarium or pineal body of the brain. In a cranium 
broken across just anterior to the bifurcation, a canal passing forwards 
and downwards is exposed. There is a foramen, or possibly only a deep 
fossa on each side of the middle line on the occipito-sphenoid suture. The 
foramen magnum is rather small and opens upwards. Its border displays 
no articular surfaces. At the middle of a line connecting the posterior 
borders of the postorbital processes is a small shallow fossa, or probably 
foramen, from this there extends on each side backwards and outwards, a 
shallow groove apparently for a vessel, which terminates at the anterior 
one of three foramina already mentioned as in line with the fissure which 
distinguishes the lateral ala of the basicranial axia posteriorly. A similar 
groove connects the first and second of these foramina, and in one speci- 
men the groove from the median foramen joins this connecting groove. 
In front of the median foramen is a rather larger one on the median line, 
situated at the fundus of a short longitudinal groove. It is placed just 
posterior to a line connecting the preorbital processes. The grooves easily 
become obsolete by weathering. 


II. AFFINITIES. 


In determining the systematic position of this animal, it will be con- 
venient to take a survey of the characters of the primary divisions of the 
fishes. In 1840 Bischoff published the first account of the osteology of 
Lepidosiren. In this description he called the frontal bones malars with 
a question, and the pariétals frontopariétals. He described the skull as 
having an os quadratum. In 1854, Stannius in the Handbuch der Zodé- 
tomie* correctly determined the frontals and pariétals, and stated further 
that the ‘‘lower jaw and hyoid bone articulate directly with continuous 
processes of the chondrocranium.’’ This appears to be the first correct 
description of the cranial structure of the Dipnoi. In 1864,+ Huxley re- 
stated the view of Stannius as to the nature of the mandibular articula- 
tion ; adopted the opinion of Bischoff that the frontal is a frontopariétal, 
and took a new position in calling the frontals supraorbitals. He also 
restates in general, the description of the skull of the Holocephali already 
given by Stannius. : 

The system of Johannes Miiller, adopted by Stannius, was a great im- 
provement over preceding ones. It embraced, however, the error of in- 
cluding the Holocephali in the same sub-class (Elasmobranchi) with the 
sharks. This was adopted by Gill in 1861,t by Huxley in 1864§ and in 
1871.]| All of these authors adopt at these dates the sub-class Ganoidea. 

*Erstes Buch, die Fische, p. 49. 

+ Elements of Comparative Anatomy, p. 210. 

¢ Catalogue of the Fishes of the East Coast of North America, p. 24. 


2? Elements of Comparative Anatomy. 
| The Anatomy of Vertebrated Animals, p. 120. 
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In 1871* the writer gave the following as the primary divisions of the sub- 
class Pisces: Holocephali, Selachi, Dipnoi, Crossopterygia, Actinopteri. 
The Holocephali was raised to an equivalency with the other sub-classes 
on account of the absence of distinct hyomandibular bone. The Dipnoi 
were defined by the median pelvic element, by the distichous arrangement 
of the segments of the pectoral and ventral fins, when present, on a me- 
dian axis, and by the supposed presence of a distinct hyomandibular bone. 
The latter definition must be abandoned, for though an ossification exists, 
it has been shown by Stannius, Huxley and Giinther, to be merely a de- 
posit in the continuous chondrocranium. The sub-class Crossopterygia 
was substituted for the sub-class Ganoidea of Agassiz and Miiller, as the 
latter was believed to have no actual existence as a division of fishes. After 
comparing the osteology of Polypterus, Lepidosteus and Amia, I remark 
(p. 320) “It is thus evident that the sub-class Ganoidea cannot be main- 
tained. It cannot be even regarded as an order, since I will show that 
Lepidosteus, Accipenser, and Amia, areal] representatives of distinct orders. 
I hope, also, to make it evident that Polypterus should be elevated to the 
rank of a sub-class or division of equal rank with the rest of the fishes and 
with the Dipnoi, already adopted.’’ The sub-class Ganoidea has not yet 
fallen into disuse, but there are strong symptoms that it will do so.+ 
Among others I select the following extract from Huxley’s paper on the 
ovaries of the smelt, published in 1883. +t 

‘**As is well known, Lepidosteus presents an example of a Ganoid with 
oviducts like those of the higher Teleostei; in Osmerus, on the other 
hand, we have a Teleostean with oviducts like those of the ordinary 
Ganoidei. It is tolerably obvious, therefore, that the characters of the 
female reproductive organs can lend no support to any attempt to draw 
a sharp line of demarkation between the Ganoids and the Teleos- 
teans. 

‘*Boas has recently conclusively shown that the same is true of the sup- 
posed distinctive character afforded by the conus arteriosus; and it has 
long been admitted that the spiral valve which has been described in the 
intestine of Chirocentrus is the homologue of that which exists in all the 
Ganoids, though greatly reduced in Lepidosteus. Indeed I am inclined to 
believe that the circular valve which separates the colon from the rectum 
in the smelt is merely a last remainder of the spiral valve. Thus, among 
the supposed absolute distinctions between the Ganoids and the Teleostei, 
only the peculiarities of the brain, and especially the so-called chiasma of 
the optic nerves, remain for consideration. My lamented friend Mr. 
Balfour, in the last of his many valuable labors, proved conclusively that 
the brain of Lepidosteus is, both in structure and development, a Teleostean 


* Proceedings Amer, Assoc. Adv, Science, p. 326. Transac. Amer, Philosoph. 
Soc., p. 449. 

+The term ganoid can be used as an adjective to describe the scales already 
known by that name, and thus be preserved. 

t Proceedings Zodlogical Society of London, 1883, pp, 137; 138, 139. 
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brain. But it is singular that no one, so far as I know, has insisted upon 
the fact, not only that the Teleostean brain is essentially similar to that of 
the Ganoids, but that it is exactly in those respects in which the Ganoids 
and Teleostei agree in cerebral structure that they differ most markedly 
from the Plagiostomi and Chimeroidei. 

‘* With respect to the chiasma of the optic nerves, the exact nature of 
that structure has not yet been properly elucidated either in the Selachians 
or in the Ganoids. But, whatever may come of such an investigation, 
the establishment of the existence of a true chiasma in the Ganoids, and 
of its absence in Teleosteans, can have but little bearing on the question 
of their affinities, since Wiedersheim has shown that a simple decussation 
of the fibres of the optic nerves, as in ordinary Teleosteans, takes place in 
many lizards.’’ 

In 1877* I proposed the following primary divisions of the fishes, and 
have seen no reason to alter my views as to their value as a correct ex- 
pression of the affinities and diversities of this class of Vertebrata. The 
system differs only from that of 1871 in the consolidation of the Crossop- 
terygia and Actinopteri into a single sub-class, the Hyopomata; and in a 
few corrections of the definitions given. They are as follows: 


I. Suspensorium continuous with the cartilaginous cranium, with no 
hyomandibular. No rudimental opercular bone ; no maxillary arch ; 
pelvic bones present ; axial series of fore limb shortened, the deriva- 
tive radii sessile on the basal pieces; axial series of hinder limb pro- 
longed in male...........-.. ‘ Holocephali. 


II. Suspensorium articulated with the cranium; no maxillary arch; no 

opercular nor pelvic bones ; bones of limbs as in the last............ 

Elasmobranchi. 

III. Suspensorium rudimental, continuous with cranium, supporting one 

or more opercular bones; cranium with superior membrane bones ; 

no maxillary arch ; a median pelvic element ; the limbs supported by 
segmented unmodified axes 


’. Hyomandibular and palatoquadrate bones articulated with cranium, 
supporting opercular bones; a maxillary arch; no pelvic element ; 
axes of the limbs shortened, the derivative radii sessile on the basal 
WOOO iacas wk'e's oseeee-Lyopomata. 


In the definition of the Dipnoi, it is necessary to make the correction in 
accordance with the best observations on fresh specimens, above referred 
to, as I have not been able to determine the question from dried speci- 
mens in the Hyrtl collection. The suspensorium cannot be properly said 
to be articulated to the cranium in the sense in which it is said to be such 
in the Elasmobranchi. In the latter it is articulated by ginglymus ; in 


* Proceedings of the American Philosophical Society, 1877, p.25; and in the 
Annual Reports of the Commissioners of Fisheries of Pennsylvania for 1879-80, 
p. 67 and 1881-2, p. 111. 
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the Dipnoi merely by suture or contact, with other cartilage bones. Its 
character is therefore more nearly that of the Holocephali than of the 
Elasmobranchi or the Hyopomata. 

In the light of the above considerations, to which sub-class must be re- 
ferred the genus Didymodus? Does it possess a freely articulating hyo- 
mandibular bone, and maxillary, palatoquadrate and mandibular arches? 
The question must be primarily determined by these considerations, since 
the fins and their supports are unknown to us. 

The lateral posterior processes of the skull are in its superior plane, 
and their extremities do not present an articular facet for the lower jaw. 
It is improbable that they were continued downwards as cartilage for the 
former articulation, as in the Holocephali and Dipnoi. Both from the 
presence of an articular condyle, and from the mechanical necessities of 
the case, I have little doubt but that there was a freely articulating hyo- 
mandibular bone. I have already described this element in fact as visible 
in a single specimen. The choice is thus limited to the Elasmobranchi 
and Hyopomata. It is decided in favor of the former by the absence of 
maxillary arch and of opercular apparatus. So then Didymodus is a 
shark, in spite of its peculiarities. Kner* speaks of the presence in the 
nearly allied Pleuracanthus (= Diplodus), of premaxillary and maxillary 
bones ; but this is no doubt a misinterpretation of the homologies, as he says 
they articulate with the lower jaw. In my jaws there is but one bone on 
each side, a palatopterygoid. 

In his researches on the structure of the skulls of sharks, Gegenbaurt+ 
shows the different methods of articulation of the palatopterygoid arch in 
the sub-class Elasmobranchi. In Heterodontus the palatopterygoid arch is 
attached to the skull throughout by its superior border, anterior to the 
orbit, but is free posterior to the orbit. In Hexanchus and Heptanchus 
it is free anteriorly, but articulates by its elevated posterior portion with 
the postorbital process. In the remainder of known recent Elasmobranchs 
it is free throughout, and merely in contact in front. These relations are 
also described by Huxley.{ Professor Gill utilizes them as definitions of 
three (of four) primary divisions of the sub-class Elasmobranchi,§ which 
he names the Opistharthri, (fam. Hexanchide); Proarthri (Heterodon. 
tide); Anarthi (sharks proper) ; and Rhinz (Squatinas). According to 
these definitions, Didymodus must be referred to the Opistharthri. The 
skull, however, presents other characters which must claim attention. Its 


*Sitzungsberichte Wiener Akademie, LV, p. 540. 

+ Untersuchungen zur Anatomie der Wirbelthiere, Leipzic, 1872. 

tOn the Anatomy of Ceratodus. Proceedings Zoél. Society of London, 1876, 
p. 43-4, with figures. 

2? Bulletin of the U. S. National Museum, No. 16, 1883, p. 967. Gills fourth group, 
Rhine, does not appear to me to possess the value of the other three, nor are 
the “ Rais” and “‘ Pristes” more distinct. I therefore propose that the order 
Selachil, as defined in the following pages (of the sub-class Elasmobranchi), 
be divided into three sub-orders: Opistharthri, Proarthri and Anarthri, the lat- 
ter to include the true sharks, the Squatineg, the sawfishes and the rays. 
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reference to the Elasmobranchi is confirmed by the following characters : 

(1) The nares are notoral. (2) Thereisa large fontanelle on the summit 

of the muzzle. (3) There are processes corresponding to the lateral ale 

of the basicranial axis. 

In another character Didymodus differs from this and all other sub-classes 
of the Pisces. This is the penetration of the granular ossification through- 
out the chondrocranium. 

In the following characters it agrees with the Dipnof: (1) The distinét 
exoccipital, pariétal, and frontal elements. (2) The occipital cotylus. 
(3) The posterior bifurcation of the frontal cartilage. 

In the following characters Didymodus resembles the Hyopomatous or 
true fishes: (1) In the basioccipital bone with condyle. (2) In the %s 
intercalare or pteroticum. (3) The presence of a distinct element articu- 
lating with the proximal end of the hyomandibular. (4) The presence of 
membrane bones in the position of frontals. 

The characters above cited as constituting resemblances to the true 
fishes, will not, it appears to me, permit the reference of this genus to any 
of the divisions of sharks established by Prof. Gill. I therefore proposed 
a new order of the Elasmobranchi* for its reception, with the following 
name and definition. 

A basioccipital »one and condyle. Occipital, ? pterotic, and frontal bones 
distinct. Supraorbital (or nasal) bones present............ Ichthyotomi. 
The remaining Elasmobranchi, in which the above characters are want- 

ing, may be termed by way of contrast, utilizing an old name, Selachit. 

Were it not for the probable presence of the free hyomandibular bone, 
the order Ichthyotomi might be regarded, in the absence of knowledge of 
its limbs, as the possible ancestor of the Rhachitomons Batrachia. But as 
the Batrachia have no distinct suspensorium, or are, to use Miiller’s con- 
venient term, monimostylic, their origin must still be sought for in some yet 
undiscovered type of Dipnoi. It is on the other hand very probable that 
the Ichthyotomi are the group from which the Hyopomata derived their 
origin. The distinct basioccipital with its two foramina, the superior 
origin of the hyomandibular, and the superior nostrils, all point towards 
the true fishes. The tribe of Hyopomata which must be their most im- 
mediate descendents, are the Crossopterygia, as I define that division. 

I must now compare the Ichthyotomi with such groups of the Hyopo- 
mata as they may be supposed to approach most closely. I begin by refer- 
ring to the marine eels of tlie order Colocephali. In 1871+ I characterized 
this order as follows: ‘‘Pariétals largely in contact; opercular bones 
rudimental ; the preoperculum generally wanting. Pterygoids rudimental 
or wanting ; ethmoid very wide. Symplectic, maxillary, basal branchi- 
hyals, superior and inferior pharyngeal bones, all wanting, except the 
fourth pharyngeal. This is jaw-like, and is supported by a strong supe- 
rior branchihyal ; other superior branchihyals wanting or cartilaginous.’’ 


* American Naturalist, 1884, 413, 
t Proceedings American Ass, Adv. Science, xx, pp. 328-334. 
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The statement ‘‘ maxillary wanting,’’ is in contradiction to the definition 
of the sub-class Hyopomata, which asserts the presence of those bones. 
Stannius* has asserted the absence of the ‘‘oberkiefer’’ in the eel; 
Giinther} describes their presence. As the absence of the maxillary bone 
would constitute a point of resemblance, if not affinity to the Elasmo- 
branchi, I have reéxamined my material to determine the homologies of 
the lateral dentigerous bone of the upper jaw of the eels. My specimeris 
of species of the Colocephali include the following from the Hyrtl collec- 
tion: Myrus vulgaris ; Sphagebranchus rostratus ; Moringua retaborua ; 
Murena sp.; Murena unicolor; Murena sp.; Poecilophis polyzonus, 
and Gymnomurena tigrina. The pterygoid bone exists in a rudimental 
condition in the Gymnomurena tigrina, Myrus vulgaris, and one of the 
species of Mursena ; and whether lost in the preparation of the other crania 
or not, cannot be stated. In the Anguilla vulgaris the pterygoid bone is con- 
siderably larger, and extends to a point halfway between its base and the 
extremity of the muzzle. In the Conger vulgaris it extends still further 
forwards, reaching a transverse process of the anterior part of the vomer. 
No palatine bone appears. The premaxillary bone is not distinguished 
from the ethmoid in the Colocephali, nor in the Enchelycephali (Anguil- 
lidw, etc.). It is quite possible, therefore, that the external dentigerous 
bone or upper jaw, in both of these orders, may be the palatine, and the 
maxillary be wanting. The family of the Mormyride appears to furnish 
the solution. In this group the structure and connections of the pterygoid 
bone are much as in Conger, and there are in addition distinct premaxillary 
and maxillary bones. It is clear that in this family it is the palatine, and 
not the maxillary bone, that is wanting. Similar evidence is furnished 
by the family Monopteride. The definition of all four of the orders, 
Colocephali, Enchelycephali, Ichthyocephali and Scyphophori must, 
therefore, embrace this character. The Gymnarchide agrees with the 
Mormyride in this respect, and both families have the transverse process 
of the vomer which receives the pterygoid, as in the genus Conger.{ The 
supposed resemblance to the sharks presented by the Colocephali is then 
not real, and the question as to the point of affinity of the Ichthyotomi to 
the true fishes remains open as before. 

I now refer to the remarkable characters presented by the deep sea fishes 
of the family Eurypharyngide, as recently published by Messrs. Gill and 
Ryder.§ These authors find the characters of the skeleton so remarkable, 
that they think it necessary to establish a new order for its reception, 
which they call the Lyomeri. The definition which they give is the fol- 
lowing: ‘‘ Fishes with five branchial arches (none modified as branchi- 
ostegal or pharyngeal) far behind the skull ; an imperfectly ossified skull 
articulating with the first vertebra by a basioccipital condyle alone ; only 


* Handbuch der Zootomie, Fische 1854, p. 76. 

t Catalogue Fishes, British Museum, vol. viii, p. 19. 

} These transverse processes are enormously developed in Gymnarchus. 
? Proceedings U. 8. National Museum, Nov. 1883, p. 262. 
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two cephalic arches, both freely movable ; (1) an anterior dentigerous one— 
the palatine, and (2) the suspensorial, consisting of the hyomandibular 
und quadrate bones ; without maxillary bones or distinct posterior bony 
elements to the mandible; with an imperfect scapular arch remote from 
the skull ; and with separately ossified but imperfect vertebre.’’ 

M. Vaillant came to no conclusion as to the affinities of this group ; and 
Messrs. Gill and Ryder remark, ‘‘ We are unable to appreciate any affinity 
of Gastrostomus to any Anacanthines, Physostomes, or typical Apods, 
nor does it seem to be at all related to Malacosteus, which has been 
universally considered to be a little modified Stomiatid.’’ It is, how- 
ever, clear to me that the relationships of this family Eurypharyngide 
are to the order Colocephali, and that they represent the extreme de- 
gree of the modification of structure which that order exhibits. In 
other words, the modification of the ordinary piscine type which is 
found in the Anguillide (order Enchelycephali), is carried to a higher 
degree in the Colocephali, and reaches its extreme in the Eury- 
pharyngide. The points of identity between the two groups last-named 
are so many, that it becomes desirable to ascertain whether they are 
susceptible of ordinal separation from each other. The characters 
above given to the order Lyomeri are in fact identical with those which 
define the order Colocephali, with a few possible exceptions. First, how- 
ever, I note that the supposed palatine arch, is probably the maxillary, 
as in the Colocephali, and that it is the palatopterygoid arch which is 
absent. The five branchial arches exist in the Colocephali, but the three 
anterior are rndimental, and the basal branchihyal bones of the fourth 
and fifth are closely united. There are, however, five arches. Thereisa 
ceratohyal arch in Murena and Gymnomurena, but of very slender pro- 
portions. Whether this element is absolutely wanting in Gastrostomus, 
or whether the first branchial arch is its homologue, remains to be ascer- 
tained. Should the last two be coherent as in the Colocephali, we would 
then have the same number of hyoid arches in both, viz., six. The ‘‘im- 
perfectly ossified cranium ’”’ is shown in the detailed description given by 
Messrs. Gill and Ryder, to support the same bones which are found in the 
Murenoid skull, The degree of ossification of te skeleton does not con- 
stitute a basis for ordinal distinction, if the same elements be present. 
For this reason the perforation of the vertebral centra by the remnant of 
the chorda dorsalis does not seem to be of ordinal importance. 

In the more detailed description, there are a few charecters worthy of 
notice. First, ‘‘The notochord is persistent in the skull for half the 
length of the basioccipital.’’ This indicates further the primitive condi- 
tion of the vertebral column, but scarcely gives basis for an ordinal defi- 
nition. Second (p. 266.), ‘‘The neurapophyses are slender, diverging 
(instead of convergent), cartilaginous distally, and embracing the neural 
sheaths on the sides, while by the neurapophyses is supported a membra- 
nous sheath which roofs over the nervous cord,” etc. The nerual canal 
is well closed above in the Murenide, but in the Anguillide it is largely 


PROC. AMER. PHILOS. 80C. xxI. 116. BV. PRINTED JULY 21,- 1884. 





Cope.) 584 [March 7, 


open above. The neurapophyses it is true unite, but at a distance above 
the neural cord, and as attenuated rods. Third, ‘‘There isno vomer de- 
veloped, but a triangular cartilaginous element pendent from the cranial 
rostrum affords attachment for the palatine (read maxillary) element 
anteriorly,’’ etc. This element probably exists in the Colocephali and 
similarly takes the place of the vomer, only differing in being ossified. 
I have been accustomed to regard it as the homologue of the bone called 
ethmoid in fishes. 

The character which distinguishes the Colocephali from the Enchely- 
cephali, now that their maxillary and palatine structure are shown to be 
essentially the same, is found in the hyoid apparatus. In the Enchely- 
cephali, the structure is as in ordinary fishes ; there is a glossohyal, and 
there are basihyals, and axial branchihyals, and superior pharyngeals. In 
the Colocephali all these elements are wanting, excepting the fourth supe- 
rior pharyngeal, which has the form of an antero-posteriorly placed den- 
tigerous jaw, which opposes the lateral branchihyal of the fifth arch or, 
as it is generally called, the inferior pharyngeal. It is evident that the 
Eurypharyngide are more similar to the Colocephali than to any other 
order in this respect also, but the description of these parts is not yet suffi- 
ciently detailed to enable me to determine what difference there may be 
in this respect, if any. The mobility of the quadrate bone on the hyo- 
mandibular cannot be regarded as of great systematic significance, although 
it is doubtless important in the economy of the fish. 

It is then evident that the Eurypharyngide belong very near to, if not 
within, the order Colocephali. Towards the end of their description, 
Messrs. Gill and Ryder (p. 270), recognize this relationship, but deny that 
it indicates that this family is ‘‘from the same primitive stock as the 
Murenids.’’ I incline to the belief that it is the ultimate result of the 
line of development of which the Anguillide form one of the first terms, 
and the Murenide a later and more specialized one. 

It is therefore clear that the point of relationship of the Ichthyotomi to 
the true fishes is not to be found in the Eurypharyngide or the Colo- 
cephali. 

In the following point Didymodus resembles Polypterus. The fossa 
above described as on each side of the basioccipital, is found in Polypterus. 
There it serves as a place of insertion of a strong ligament on each side, 
which is attached externally to the epiclavicle, and serves to hold the 
scapular arch in its place. A similar structure exists in the Siluirde, 
where the ligaments are ossified. It suggests for Didymodus a scapular 
arch suspended more anteriorly than in sharks, possibly even to the skull. 

The genealogy of the fishes will then be as follows, first, however, it 
is to be understood that in asserting the derivations of one group from 
another, I mean that in accordance with the rule which I have termed 
‘the doctrine of the unspecialized,’’ the later type in each case is the 
descendant of the primitive and not the later sub-form of its predecessor. 
In this way is to be explained the apparent anomaly of regarding the 
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notochordal sturgeons as descendants of Crossopterygia, whose modern 
representatives are osseous. The primitive Crossopterygia, and probably 
even the Actinopteri, were doubtless as cartilaginous as are the existing 
sturgeons: 
Actinopteri. 
Hyopomata = ; Chondrostei. Batrachia. 
Crossoptery gia. — 
Ichthyotomi. Dipnoi. 
Selachii. 4 
~_ Holocephali. / 


Elasmobranchi = ; 


In this phylogeny, the Holocephali, which have not differentiated a 
suspensorium, are regarded as the primitive fishes, although the living 
representatives display some specialized characters, as, for instance, a 
membranous gill-cover which conceals the primitive slits. The line to 
the right continues the monimostylic character and passes into the reptiles, 
whose primitive types are also monimostylic, as Johannes Miiller called 
them. In the later forms or streptostylicate reptiles of Miller (Lacertilia, 
Ophidia), the quadrate becomes freely articulated.* 

In the left hand series, the Elasmobranchs immediately present us with 
the free suspensorium or hyomandibular, which is a well-known character 
of the remainder of the line, the modifications being the addition of sepa- 
rate elements, as the metapterygoid, ‘‘quadrate,’’ and symplectic. 

The penetration of ossification into the chondrocranium of Didymodus, 
in regions not ossified in either fishes or batrachia (sphenoid and pre- 
sphenoid), and into regions not ossified in sny vertebrate (frontal and 
pariétal cartilages), may be, so to speak, only a local phenomenon, and 
not indicative of extensive phylogenetic consequences. For if it be so 
regarded, it evidently proves too much, giving affinities in the base of the 
skull to the reptiles, and in the roof exhibiting a character more highly 
developed than any known form of vertebrata. 

The Ichthyotomi include, so far as yet known, but one family, the Hybo- 
dontide of Agassiz. According to that author this family includes four 
genera, Hybodus, Pleuracanthus, Cladodus and Sphenonchus. It ranges 
from the coal-measures to the Jura inclusive. 

The genus Didymodus may be described as follows : 

Frontal plane well defined on each side by the temporal fosse, and ter- 
minating in two cornua posteriorly. Anterior nares on the superior sur- 
face of the muzzle. Supraorbital (or nasal) bones well separated on the 
median line and constituting the only membrane ossification. Teeth with 
large lateral denticles. 

The species Didymodus compressus Newberry, may be defined as follows : 

Skull with massive walls. Form elongate, depressed, the orbit not ex- 


*The phylogeny of the Reptilian series can be found in the Proceedings 
American Association Advancement of Science, xix, 1871. p. 233, The Batrachia 
are supposed to be their ancestors. 
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tending behind the anterior third of the length. Basicranial and basifacial 
axes in one line, flattened, the supraorbital border flat, concave on the 
edge ; postorbital processes obtuse, the temporal ridges commencing with 
thin posterior border, which they excavate. The ridges then turn, ex- 
tend parallel posteriorly, terminating in the horn-like processes already 
described, with a slight divergence. The apices mark the posterior third 
of the length of the skull. The occipital condyle is wider than deep, and 
its superior border retreats forwards so as to cause its cup to look upwards, 
The exoccipital diameter at the foramen magnum is less than that of the 
basicranial axis, the osseous element of which, probably sphenoid, is re- 
curved on the sides to their middle. The sides of the latter expand a 
little to meet their lateral ale. Immediately above their contact is situ- 
ated the supposed condyle for the hyomandibular element. The basicranial 
axis is convex opposite the postorbital processes, from the bases of which 
a concavity separates it. It has a slight median groove at this point. It 
is much narrower than the interorbital width above. A short distance in 
front of the postorbital -processes it begins to contract, and gradually 
reaches an acuminate apex. Superior to this apex, commencing posterior 
to it, the space between it and the supraorbital or nasal elements is occu- 
pied by a massive element (? ethmoid) which forms the floor of the nasal 
median fontanelle. 

The surfaces are smooth, but readily weather so as to be granular. The 
granules are subround, with flattened surface. 


Measurements of skull. M. 


Total length of skull to end of frontal bone (No. 1)..... .180 
*¢ ** ** muzzle to orbit ; axial .024 
“4 ** * skull to postorbital process............ .058 
‘*  «  ** to apices of frontal cartilage 117 
" ‘4 to ? pterotic apex (axial) .155 
Width of skull at prefontals.........cccceessccecccces .045 
se «ees supraorbital borders .055 
oS AS: SR i i POOR... cdtadanee cc sciteas ¢ 088 
‘* occipital condyle 
Depth ‘ a 


Measurements of jaws. 


Length of mandibular ramus from cotylus, inclusive. 
Depth ‘* mandibular ramus at cotylus .028 
ee ~ - - ** middle -035 
Length ‘‘ palatopterygoid bone from cotylus,inclusive. .145 
Depth ‘ ** at postorbital articula- 
O71 
Depth of palatopterygoid bone at orbit 035 
Length“ e ** posterior to orbit 


A second species has been brought to light by the researches of Mr. W. 
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F. Cummins in the Permian beds of Texas. Parts of the jaws with two 
of its teeth are preserved. The lower jaw is distinguished from that of 
the D. compressus by its small transverse as compared with its other di- 
ameters. The ramus is quite compressed, and is not thicker at the inferior 
edge than the superior, and is slightly concave on the inner side. Its ex- 
ternal face is nearly vertical. The angle is rounded forwards, and there 
is no angle behind the cotylus, which is raised above the superior line of 
the ramus. The cotylus is rather large, and has a shallow anterior supe- 
rior, and a posterior subposterior facet. There is no jndication of a coro- 
noid process. The inferior edge of the ramus is swollen on the outer 
side, below the anterior border of the condyle, so as to mark with the 
thickened posterior edge of the ramus a fossa in the position of the mas- 
seteric. 

The teeth are pecular in the form of the root (Figs. 8-9). This part has 
no anterior projection, and the posterior portion is a flat, thin-edged plate, 
wider than long. It carries a button, but no notch. There is a minute 
median denticle. The form of the root is thus very different from that of 
the tooth of the D. compressus (figs. 5, 7). 


Measurements. 
Depth of ramus at cotylus (vertical) 
“ ™ * 120 mm. anterior to cotylus. 
Transverse diameter at the same point 
Long diameter (oblique) of cotylus 
Diameters of base of tooth | OS RN 
anteroposterior .0048 


transverse. .... .006 


Diameters of crown of lateral denticle } 


I call this species Didymodus platypternus. Should the name Didymodus 
be found hereafter to apply to species of Pleuracanthus, the latter generic 
name must be used for this species. 


III. Historica. 


In 1837 Prof. Agassiz (Poiss. foss., iii, 66), described a spine which 
he believed to have belonged to a fish like the sting-rays, as Plewracanthus 
levissimus. The only example was obtained from the Dudley Coal field. 

In 1845 Prof. Agassiz (Poiss. foss., iii, 204), made known certain 
teeth, which he referred to sharks of the family of Hybodonts. Twaspe- 
cies were distinguished, D. gibbossus and D. minutus. Both were obtained 
from the English Coal measures. 

In 1848 Prof. Beyrich (Berichte vernandl. k. Preuss. Akad. wiss.; 
1848), proposed the generic name Xenacanthus for a German Carbonifer- 
ous form, referred to Orthacanthus by Goldfuss (1847), but which ap- 
proached nearer to Pleuracanthus. 

In 1849 Dr. Jordan (Jahrbuch fiir Min. u. Geol., p. 848), described, 
under the name TZriodus sessilis, a form subsequently ascertained to be 
identical with the Xenacanthus. 
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In 1857 Sir Philip de Malpas Gray Egerton (Ann. and Mag. Nat. Hist., 
xx, 423), contended that the spines of Pleuracanthus belonged to the 
same fish as the Diplodus teeth, and that Xenacanthus was likewise refer- 
able to the same type. 

In 1867 Prof. Kner (Sitzb. k. Akad. wiss. Wien, lv, 540-584), published 
a memoir, illustrated by ten plates, in which he proved that Diplodus and 
Xenacanthus were generically identical. 

In 1875 Messrs. St. John and Worthen proposed the genus Thrinacodus 
for the Diplodus ineurvus and D. duplicatus of Newberry and Worthen and 
the 7. nanus St. J. and W., from Illinois. 

In 1883, in the Proceedings of the Philadelphia Academy (p. 108), I 
proposed the name Didymodus for the Diplodus compressus Newberry. 

In Science for 1884, p. 274 (March 7th), I called attention to the close re- 
semblance of the teeth of this genus to those of the recent shark, called by 
Garman Chlamydoselachus, and expressed my belief in the identity of the 
two genera. 

In the American Naturalist for April, 1884, p. 418, I gave a brief ab- 
stract of the characters of the skull of Didymodus, and proposed to regard 
it as the type of a new order to be called the Ichthyotomi. 

In Science, 1884, p. 429 (April 11), Prof. Gill objects to the identification 
of the genera Didymodus and Chlamydoselachus ; on the ground of the dif- 
ferent forms of the teeth. He states that he doubts the pertinence of the 
two genera to the same order. He points out that the oldest name for Dip- 
lodus Ag. is Pleuracanthus Ag., and that the order Ichthyotomi had been 
already defined and named by Liitken, with the name Xenacanthini. 

On these various propositions the following remarks may be made. 

(1.) There is no generic difference to be detected, in my opinion, be- 
tween the teeth which are typical of Diplodus Agass. and Thrinacodus St. 
J. and W. and the recent Chlamydoselachus. Differences there are, but 
apparently not of generic value. The identification of the recent and ex- 
tinct genera rests, as far as this point goes, on the same basis as that of the 
recent and extinct Ceratodus. 

(2.) At the time of my proposal of the name Didymodus, I was not con- 
vinced that fishes of this type bore the spines referred to the genus Pleura- 
canthus Ag. None of the authors cited figure any specimens which pre- 
sent both tricuspidate teeth and a nuchal spine. None of my ten speci- 
mens possess a spine. However, Kner describes two specimens as exhibit- 
ing both tricuspidate teeth and a spine, and Sir P. Egerton’s statements 
(1. ¢.), on this point are positive. So we must regard Pleuracanthus as the 
name of this genus, with Diplodus as a synonym. 

(3.) Diplodus being regarded as a synomym of Pleuracanthus, it follows 
that Chlamydoselachus Garm. is distinct, on account of the different struc- 
ture of the dorsal fin, which is single and elongate in Pleuracanthus, ac- 
cording to Geinitz and Kner. The presence of the nuchal spine in Pleura- 
canthus is also probably a character of distinction, although we do not yet 
know whether such a spine is concealed in Chlamydoselachus or not. 
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(4.) The identity of Didymodus (type Diplodus compressus Newberry) 
and Pleuracanthus, may now be questioned. None of the specimens are 
figured and described by the authors above cited, as displaying an occi- 
pital condyle, or posterior frontal cornua. My specimens of Didymodus 
compressus do not exhibit teeth on the roof of the mouth, as Kner describes. 
There are no spines with the crania, although separate Pleuracanthus 
spines are not rare in the same beds. The teeth associated with the skulls, 
moreover, present a button on the superior side of the root (Fig. 5). Agassiz 
figures teeth of this kind as belonging to the Déiplodus gibbosus. St. John 
and Worthen make these teeth typical of Diplodus, and confer the name 
Thrinacodus on those without the button, a character which I do not think 
aconstant one. The latter name is then probably a synonym of Pleuracan- 
thus. The button-bearing teeth are figured and described by Kner as occur- 
ring scattered, and in a somewhat different horizon from that of the Pleu- 
racanthus specimens. In Germany, as in Texas, the button-bearing teeth 
are the larger. I suspect that the skull I have described represents a different 
genus from Pleuracanthus proper. This genus will not differ from Chla- 
mydoselachus Garm., in the lack of other evidence ; the teeth presenting 
only specific difference. 

(5.) Of course, a study of the anatomy of Chlamydoselachus, which I 
hope Mr. Garman will soon give us, may reveal differences between that 
genus and Didymodus ; but of these we know nothing as yet. 

(6.) The order Xenacanthini was proposed by Geinitz (Dyas) for Pleu- 
racanthus, on account of the supposed suctorial character of the ventral 
fins. This character is supposed by Kner to be sexual. In any case this 
division, whatever its value, must be subordinated to the order Ichthyo- 
tomi, as I define it. 


EXPLANATION OF PLATE. 


All the figures two-thirds natural size, except fig. 6, which is one-half 
larger than nature. 

Fie. 1. Skull from above, right frontal bone displaced, and its anterior 
extremity broken off. Postcrior apex broken from right frontal cartilage 
bone. a, Frontal or supraovrbital bone, that of the right side dispiaced ; 8, 
anterior nostril ; c, postfrontal facet for palatopterygoid ; d, frontal fissure. 

Fig. 2. Posterior part of skull of another individual, from above ; a, occi- 
pital bone ; , pariétal ; c, a cornua of frontal bone. 

Fig. 3. Anterior view of fig. 2, displaying section of brain case ; a, frontal 
or pariétal cartilage bone ; b, sphenoid ; ¢, brain cavity ; d, frontopariétal 
fontanelle ; ¢, hyomandibular condyle (? pterotic bone). 

Fie. 4. Anterior part of skull from below, of a third individual, display- 
ing orbits and postorbital processes. 

Fie. 5. Tooth of Didymodus compressus Newb., natural size, posterior 
view. 
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Fre. 6. Palatopterygoid and mandibular arches of a fourth individual 
from right side, with hm, hyomandibular. 
4F ic. 7. Superior tooth of external row, without apices of two of the 
cusps ; from the palatine bone of the specimen represented in fig. 5 ; one- 
half larger than nature, anterior view. 

Fie. 8. Tooth of Didymodus platypternus Cope, nat. size, from above 
posteriorly. 

Fie. 9. Tooth of a second specimen of Didymodus platypternus from 
below. 


Photodynamic Notes, IX. By Pliny Harle Chase, LL.D. 
(Read before the American Philosophical Society, April 18, 1384.) 


411. Athereal Oscillation. 


Some readers of the Photodynamic Notes have found a difficulty in ap- 
plying the laws of pendulum oscillation to the undulations of the luminifer- 
ous ether. It is well to guard against the conception of material pendu- 
lums, hung in or across the solar system, but it is also well to remember 
that the modern theories of molecular motion explain the rigidity of steel, 
and of all other solids, by the rapidity of motion, in ultimate discrete par- 
ticles. If this view is correct, all changes in molecular movement are 
probably transmitted in and through the same elastic medium as the un- 
dulations of light, and all oscillations are in some way dependent on ethe- 
real oscillations. 


412. Illustrations of Nodal Tendency. 


The well-known experiments of placing bits of paper on vibrating 
strings, sprinkling sand on Chiadni plates, depositing fine powders in 
transparent musical tubes, and eliciting musical notes from glass vessels 
which are partly filled with water, illustrate the tendency of all vibrations 
to drive material particles towards musical nodes. These nodes are sub- 
ject to the same Jaws of inertia which determine centres of oscillation in 
ordinary pendulums. The nodal tendency is greatest where the relative 
elasticity and the consequent undulatory velocity are greatest. As we 
know of no other medium in which the ratio of elasticity to density is so 
great as in the luminiferous «ther, we can reasonably look in no other 
direction for such striking evidences of rhythmic influence as are to be 
found in cosmical and molecular arrangements. 


413. _Atthereal Rotation. 


The supposed properties of the luminiferous ether are so similar, in 
many respects, to those of ordinary gases, that we may suppose it to act 
and react on all grosser forms and aggregations of matter. The rotations 
and revolutions of suns, planets and satellites are not only in harmony 
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with «ethereal undulations, but they are also, as we may reasonably pre- 
sume, produced by them. If cosmical rotation is dependent, in any way, 
upon ethereal waves, the reaction of cosmical inertia should produce a 
tendency to ethereal rotation. 


414. Haetent of Rotating Influence. 


It is not unreasonable to suppose that the tendency to xthereal rotation 
at stellar centres, may be felt at a distance which is at least as great as the 
modulus of light. That distance in our system is very nearly equivalent to 
seventy-four times Neptune’s mean radius vector. Although the rigidity in 
a rotating ethereal sphere may seem to be of a very different character from 
the rigidity of metallic rods and cosmical globes, it must evidently be ac- 
companied by similar tendencies towards gravitating and oscillatory 


centres. 
415. Kinetic Postulates. 


All modern researches which have been guided by the theory of uni- 
versal kinetic correlation seem to justify the following postulates : 

1. An all-pervading, elastic ethereal medium, the particles of which are 
subject to gravitating attraction. 


2. Consequent cyclic, rhythmic and harmonic tendencies of various 
kinds, 


3. Probable frequency of simple forms of harmony, which are governed 
by centres of oscillation. 

4. Mutual and equal action and reaction between centripetal gravitation 
and centrifugal radiation. 

5. Radiating as well as projectile velocities, which are measured by 
the sum of cyclical resistances. 

6. Correlation and mutual convertibility of light, heat, electricity, gravi- 
tation, etc. 

7. Tendency of harmonic approximations to become numerically exact, 
as demonstrated by Laplace in discussing the motions and orbital periods 
of Jupiter’s satellites. 


416. Importance of Reciprocals. 


In some text-books on arithmetic, a few lines are given to the explanation 
of reciprocals, and the statement is sometimes added, that the reciprocals 
of an arithmetical progression constitute a harmonic progression. Few, 
except those who devote themselves to a thorough scientific study of 
music, ever get any further knowledge of a subject which is full of interest, 
and which is likely to become of great importance in the future annals 
of scientific research. In his pamphlet on ‘‘ Electrical Units of Measure- 
ment,’’ Sir William Thomson enlarges upon the want of a unit of con- 
ductivity to represent ‘‘the reciprocal of the resistances.’’ He says: ‘‘It 
is the conductivity that you want to measure, but the idea is too puzzling ; 
and yet, for some cases, the conductivity system is immensely superior 
in accuracy and convenience to that by adding resistances in series.’’ 


PROC. AMER. PHILOS. soc. xxr. 116. 3w. PRINTED JULY 21, 1884. 
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417. A Universal Want. 


Electricity is the form of force which is now, for many practical reasons, 
commanding general attention ; but its need ot a more satisfactory and sys- 
tematic study of reciprocal and harmonic activities is no greater than we 
can find in many other flelds of physical research. Ohm’s law brings all 
electrical phenomena so directly within the realm of resistance that Max- 
well was inclined to regard electro-dynamics as more fundamental than 
thermo-dynamics. A full consideration of the subject would require a 
knowledge of mathematical principles which are somewhat intricate. 
There are many facts, however, which are so simple and intelligible that 
they may be easily learned, and a knowledge of them may awaken an in- 
terest which will facilitate investigation in every possible field. 


418. Spheral Music. 


We have all heard of the ‘“‘ music of the spheres ;’’ how many of us 
understand the literal truth of the statement : 


“There’s not the smallest orb which thou behold’st, 
But in his motion like an angel sings.” 


The music of the spheres, as well as the music of the human voice, or 
of stringed or brazen instruments, is due to elasticity, which makes suc- 
cessive vibrations follow regular laws, so as to produce rhythmical and 
pleasing results. The beats of pendulums are governed by some of these 
harmonic laws and may be represented by harmonic formalas. The lumi- 
niferous «ether, which is supposed to pervade all planetary and insterstel- 
lar spaces, and which Newton suggested as the possible storehouse of 
gravitation, should, on account of its enormous elasticity, furnish endless 
illustrations of faultless rhythm. 


419. Confirmation of the Hypothesis. 


We find, in accordance with the foregoing note, that the resistance of the 
sun to the interstellar vibrations of light produces a series of twenty- 
seven musical nodes, within the region in which solar attraction predomi- 
nates over the attraction of the stars. Nine of the nodes are between 
Mercury and the Sun ; nine are at points which account for the positions 
of the eight primary planets and of the asteroidal belt ; and nine are be- 
tween Neptune and the nearest of the fixed stars. The middle node of 
the middle nine, or the fourteenth node of the twenty-seven, is in the as- 
teroidal belt. These facts, which have been already given in previous 
notes, are repeated in this connection as indicative of the probability that 
the ethereal rotation extends much further than was intimated in Note 
414, and as giving the most stupendous evidence which has ever been pub- 
lished of the nodal tendencies to which reference is made in Note 411. 
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420. Revelation. 


The foundation of all knowledge is revelation, which is always self-evi- 
dent and infallible. The inspiration of the Almighty giveth understand- 
ing. All that we have and all that we are come from Him. In the interpre- 
tations of revelation, we are left in some measure to ourselves. While the 
self-evidence is given to us, we combine, in various ways, premises which 
we accept on account of their self-evidence or supposed self-evidence ; in 
that combination we are liable to mistakes and fallacies of judgment. All 
truth is God’s, allerroris man’s. They therefore make a fatal mistake who 
would set up the decisions of fallible judgment against the revelations 
which are offered for the acceptance of their own faith, or those which 
have been clearly apprehended through the faith of others, in truths which 
have been made self-evident to them. 


421. Fallacy of Agnosticism. 


We have no right to question the assertion of any individual that he 
does not know God. Neither has any one a right to say that God is un- 
knowable. Receptivity, power, and knowledge, are the three funda- 
mental axioms of all science and of all truth. So far as either of them is 
finite it is dependent upon something superior to itself. The agnostic, who 
recognizes a Supreme Power and who fails also to recognize a Supreme 
Receptivity and a Supreme Wisdom, has but a partial view. If in his 
teachings he implies, in any way, that human receptivity or human wis- 
dom can be superior to any other receptivity or wisdom, he is guilty 
of arrogance and cannot shield himself under any assumption of 
humility. The only power of which we have any practical knowledge, is 
that of will ; and will itself is always directed by purpose. So far as man, 
through the exercise of his purpose, his will and his intelligence, controls 
the powers of nature, he is imitating the Supreme control. Although it 
is true that we cannot “find out the Almighty unto perfection,’’ and 
although it is also true that we should avoid any narrow anthropomorph- 
ism, there is no doubt that the purpose, the will, and the wisdom of man 
differ from those of the Almighty, not in kind, but only in degree, and 
that in these respects man has been created in the image of his Maker. 


422. The Oxygen Unit. 


Marignac (Ann. de Chim. et de Phys., March, 1884), in his late re-exami- 
nation of some of the atomic weights, considers that Prout’s law is only 
approximate, and that, since the numbers which express the atomic weights 
only represent ratios, there is no reason for taking the hydrogen unit in 
preference to 16 or 100; but the choice of 16 is justified by its practical 
advantage. It allows us to represent the atomic weights of the greatest 
number of elements, and especially of those which are most important, by 
the most simple possible integers and with the least difference from the 
rigorous results of experiment. The fact that the atomic weights exhibit 
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more exact ratios to the oxygen than to the hydrogen unit, appears to have 
been first pointed out in No. 138 of the foregoing notes. 


423. Universal Rotation. 


The bypothesis that every material particle is endowed with rotation, by 
which it represents a definite amount of living force, has often been 
broached. Its probability is strengthened by the magnetic theories* of 
Arago, Ampére, Barlow, Lecount, Challis, Babbage, Herschel, Christie, 
Maxwell, Imray, Forbes and others ; by my own investigations confirma- 
tory of the hypothesis that ‘‘ there can be no weight without some degree 
of momentum ;’’+ by the connection of magnetism with rotation in a 
magnetic field through Laplace’s principle of periodicity (note 333) ; and by 
the evidences which are furnished, by notes 413 and 419, of interstellar 
etherea] rotation, producing nodes which are determined by stellar 
moduli of light. According to this hypothesis no material particle can be 
wholly divested of energy, and no particle can ever acquire energy 
enough to free it from the equilibrating tendencies which spring from the 
law of equal action and reaction. 


424, Nascent Nebular Rotation. 


The beginning of the transfer of rotation from «ethereal particles to cos- 
mical masses, is illustrated by the equivalence of ratios between masses 
and rupturing distances, in the two ruling globes of the solar system. 
Taking Bessel’s estimate of the mass-ratio of Sun to Jupiter (1047.879), 
the vector-radii of the two bodies, when in static equilibrium with regard 
to their common centre of gravity, should be in the same ratio. The pro- 
jectile energy, which changed the static into an oscillatory dynamic equi- 
librium, has produced a secular eccentricity, according to Stockwell, of 
-0608274, the secular perihelion being, therefore, .9391726 of Jupiter’s mean 
radius vector. Dividing the static ratio of vector radii, 1047.879, by 
.9391726, we get 1115.7469x Sun’s semi-diameter for Jupiter’s mean radius 
vector. Dividing this value by 5.202798, we get 214.4513 for Earth’s mean 
radius vector, which represents a mean solar apparent semi-diameter of 
961/'.8254. The British Nautical Almanac estimate is 961/’.83. 


25. Nascent Resistance. 


Laplace's principle of periodicity, and incipient ‘‘subsidence,’’ according 
to Herschel'’s modification of the nebular hypothesis, are both exemplified 
in the equation : : 

A—¢) t=, 7%, 
in which ¢ == Jupiter’s secular eccentricity ; go, g; = gravitating accelera- 
tion at the equatorial surface of Sun and Jupiter, respectively ; 4, = time 
*Cited in Proc. Amer. Phil. Soc., ix, 356-8, 367-9, 491; Proc. Roy. Soc., xxii, 352-3, 
ete. 
t Proc. Amer. Phil, Soc., ix, 357, 492. 
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of Jupiter’s half rotation = 17863.25 sec. ; r, = Sun’s semi-diameter. 


Hence y/7, 7, = 2 x X 214.4518! 7, + 81558149 = .0006252614 r,. 
Jo = 0000003909518 1, 
g, = .00000008727 7, — .09538064 g, 

r, == .10005238 1, 


v 


426. Nascent Centre of Condensation. 


The incipient subsidence of Jupiter, as indicated by the factor (1 — e) 
g;, cooperates with solar attraction in the formation of a belt of maximum 
condensation. Accordingly, the second planetary mass, in regard to the 
simplicity of harmonic relations, is Earth, which occupies the centre of 
the dense belt. Its distance from the Sun and its mass may be found by 
means of the equation 

V (L—e) 95% = (Ps + Ps) VY 9317s 
The mean radius vector is designated by », Jupiter and Earth being in- 
dicated by subscript , and , respectively. We have, therefore, 
Js = .00607723 miles 
7, = 3962.8 miles 
V Us 3 = 4.90748 miles 
Ps ~{- Ps 5.202798 
Vv (1 —®) gs 7 == 09464615 7/g, 7, = .0000591786 r, 
1) == 481445.64 miles 
fig = 214.4518 7, = 92524100 miles. 
V Jo %> = 269.766 miles 
My +- Ms, = 328997 
7, = 10.893 r, 


427. Nascent Nodal Harmonies. 


The formation of a belt of maximum condensation, by the action and re- 
action of subsidence and rotation between the two principal masses of the 
system, establishes the conditions which are requisite for nodal harmonies of 
various kinds. One of the simplest harmonic series is ?, 3, 3, etc. The cen- 
tre of linear oscillation adds its influence to the natural rhythmic tenden- 
cies of the second of these nodes. Both the moment of rotary inertia of a 
thin spherical] shell and the nodes of aggregating collision in condensing 
nebule* also introduce the factor ?, and the moment of a rotating ethereal 
or other homogeneous sphere introduces the factor 2. Moments of inertia 
vary as distances of projection against uniform resistance ; we may, ac- 
cordingly, look for the frequent recurrence of the factors ?# and }, in the 
harmonic rupturing nodes of condensing and rotating nebule, especially 
in the neighborhood of the most important centres of condensation. 


*Proc. Am. Phil. Soc., xvil, 99. 
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428. The Sun-Harth Balance. 


The situation of Earth’s orbit, between the orbit of Jupiter and the 
Sun, introduces tendencies to condensation and rotation of the character 
referred to in the foregoing note. The action and reaction of ethereal 
waves, between the principal centres of attraction and of condensation, 
have produced an amount of gravitation, at the earth’s equatorial surface, 
which is sufficient to give a circular orbital velocity of V gr = 4.90748 
miles per second. The linear oscillation of the Earth around the Sun, as 
well as the centre of rotary inertia fora superficial film of condensation or of 
luminous undulation in the orbit of Mars, multiplies this energy by $; the 
rotary ethereal oscillation of a sphere which has its limit in the asteroidal 
belt also multiplies the energy by §. Accordingly, if the Earth’s orbit 
was always circular, its velocity of revolution, as thus determined, would 
be § X § X 4.90743 =— 18.40286 miles per second. There are 31558149 
seconds in a year, therefore the Sun’s distance should be, if Earth’s orbit 
were always circular, 18.40286 x 31558149 + 2 < = 92430800 miles. This 
is probably correct within less than 4 of one percent. (See Note 434.) 


429. Accuracy of Harmonic Method. 


The above method of estimating the Sun’s distance is the shortest which 
has ever been published. I believe that it is also the most accurate if 


proper allowance is made for orbital eccentricity, for the following rea- 
sons : 

1. If the hypothesis of an all pervading luminiferous ether is true, all 
its cyclical movements must be rhythmic, or harmonic, the various forms 
of rhythm being governed by various centres of oscillation. 

2. The simplest kinds of oscillatory motion, in cosmical bodies, are 
linear and spherical. 

8. Laplace showed, in discussing the motions of Jupiter’s satellites, that 
whenever there are tendencies to simple numerical relations, in planetary 
arrangements, all the forces of the system combine to make those tenden- 
cies exact, 

4. The Sun is the principal centre of attraction, and the Earth is the 
principal centre of condensation in the solar system. 


430. Rhythmic Weight of the Sun. 


The Sun can be weighed by its musical rhythm with a corresponding 
facility. Orbital velocities vary inversely as the square root of the dis- 
tance from the centre of gravity. Any two attracting bodies bear the 
same ratio to each other as the distances at which they would communi- 
cate equal orbital velocities, to particles which revolve about the centre of 
gravity of the attracting bodies. Hence we have: 


Earth’s Radius Vector. Earth’s Radius, 
92430800 x (} x §)* : 8962.8 : : 828002 : 1. 
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In other words the Sun would weigh 328002 times as much as the Earth, 
if Earth’s orbit were always circular.* The remarkable accordances 
among the various harmonic estimates which are deduced from the corre- 
lations of mechanical, electrical, chemical, luminous and other forces, in- 
dicate an amount of probable error which is much smaller than those of ordi- 
nary astronomical estimates. . 


431. Lunar Mass. First Estimate. 


Ferrel (Methods and Results, p. 20) gives 7989 metres as the height of 
the homogeneous atmosphere. The equilibrium of atmospheric elasticity, 
between the mutual interactions of Earth and Moon (Notes 8, 316), gives 
the following proportion : 


(20000000 -=- =z) : 7989 : : 7, : .00125497, : : (x* xk 80.74) :1 


432. Lunar Mass. Second Estimate. 


The estimates of the height of a homogeneous atmosphere differ for 
different latitudes and for slight variations in the elements of the calcula- 
tion. It may, therefore, be more satisfactory to deduce the Moon’s mass 
from the simple principles of oscillation. 

From Notes 8, 162, 246, we find: 


t \* 32.08776 
i=0 ($) 


=< 


= ~5ag9 % (48082.04)? + x* = 1142874 miles 


for the length of Earth’s theoretical pendulum. From this equation we 
deduce the ratio of Earth’s mass (m,) to Moon’s mass (4), by the propor- 
tion : 

psi liimMs: pm. 

92524100 : 1142874 : : 80.957 : 1 


433. Harth’s Secular Hecentricity. 


The harmonic relations of the Earth and Moon are still further shown 
by the evidences of original terrestrial projection before the Moon sepa- 
rated from the Earth. If we designate Earth’s secular perihelion radius 
vector by p’,, we have the proportion, g, 7, (ms +- 4) : (gs ty)? Mz : <p, : p's. 

In other words, the orbital vis viva of original solar projection, for the 
combined masses of Earth and Moon, is represented by the mean radius 
vector, while the limiting oscillatory vis viva of the Earth alone is repre- 
sented by the radius vector of secular perihelion. Substituting in the above 
proportion the harmonic values which we have already found, we have 

269.766? x 81.957 : 261.8194? x 80.957 : : 1 : .930462 
this gives, for Earth’s secular eccentricity, .069538. 

Stockwell’s estimate of this eccentricity for the value of Earth’s mass 

which we have deduced from its harmonic oscillation is .06901. The dif- 


* See Note 434. 
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ference between his perihelion radius vector and the corresponding har- 
monic radius is less than ,, of one per cent. 


434. Correction for Secular Hecentricity. 


In Note 428, Sun’s distance was estimated upon the hypothesis that 
Earth’s orbit Was circular. The mean distance, however, may be con- 
sidered as having been established at the time of original rupturing pro- 
jection, or, in other words, at secular perihelion. The circumference of an 


: : 1 . 12.3 : 17.375 ; 
ellipse is 2 x a (1 — a’ —-a pape” etc. 


Substituting the theoretical value e — .06954, this becomes 2 z a X 
.99879. The corresponding value of Earth’s mean radius vector is 
92430800 = .99879 = 92542790, which differs by less than J, of one per 
cent, from the value which was deduced in Note 426, from the incipient 
subsidence of Jupiter. The corresponding value of m, +- m, is 329196. 


435. Twin Planets. 


Action and reaction, in a system which is fundamentally dependent. 
upon two largely preponderating bodies, may naturally lead to a grouping 
in pairs. Laplace’s modification of the nebular hypothesis, which supposes 
that the first ruptures are in the form of rings or belts, and Herschel’s hy- 
pothesis of subsidence until the acquired velocity becomes rupturing, also 
favor the simultaneous formation of companion perihelion and aphelion 
planets. Accordingly, we find two supra-asteroidal groups, Neptune- 
Uranus, Jupiter-Saturn, and two infra-asteroidal, Mars-Mercury, Earth- 
Venus. The grouping in the belt of greatest condensation indicates a 
double tendency ; Earth-Venus representing influences which appear to 
have orignated in the Sun, while Mars-Mercury seem to be more specially 
referable to activities at the centre of condensation, than to those at the 
centre of nucleation. 


436. Mass Relation of Jupiter and Saturn. 


The discovery, by Prof. Stephen Alexander, that the masses of Jupiter 
and Saturn are nearly in the inverse ratio of the squares of their mean 
vector-radii, was the first step towards a demonstration of the fundamental 
principles of harmonic astronomy. This ratio represents the moments of 
ethereal or nebular rotary inertia for the two planets, respectively. The 
closeness of the approximation is shown by the proportion 

5.202798? ; 9.53852? : : 104.879 : 3522.3. 

Hall’s estimate of Sun + by Saturn is 3482; Bessel’s 3501.6; Lever- 
rier’s 3512. The greatest difference between either of these estimates and 
Alexander’s approximation is only about 1} per cent, the least difference 
is less than ¢ of one per cent. I know of no other mass-approximations 
which rest upon purely rhythmical laws, except my own. 
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437. Mass-Relation of Zarth and Venus. 


The simplicity of the harmonic mass-relations between Sun and Earth, 
as well as between Jupiter and Saturn, increases the likelihood of similar 
relations, which are equally simple, between Earth and Venus; but the 
wide range of discrepancy among the estimates of different astronomers 
makes it somewhat difficult to ascertain what rhythmic influence has 
prevailed. Stockwell’s estimate of Venus’s mass is about .945 of Earth’s 
mass ; Hill’s is cnly .831 ; Leverrier’s mean of two estimates, .872. The 
value which would give Earth and Venus equal orbital momenta is .85049, 
We may, therefore, claim a great probability for the proportion, m, : m, 
: : (829196 = .85049 — 387066) : 1. 


438. Mass-Relation of Neptune and Uranus. 


In the exterior twin planet belt, we find a harmonic mass relation which 
is no less striking than those that have already been given. It is es- 
pecially interesting, as pointing to an early stage of nebular condensation, 
as well as to a blending of external and internal influences which accounts 
for retrograde satellite rotation and revolution, The gravitating accelera- 
tions, which are due to the actions and reactians between two cosmical 
masses, are proportioned to the respective masses. The vis viva of gravi- 
tating subsidence ("") is, therefore, proportioned to the cube of the 
masses. We find, accordingly, that 

m,* : m°:: ps! > py 

In this proportion »,’ represents the locus of incipient subsidence, or 
secular aphelion of Neptune, while », represents the mean radius vector 
of Uranus. The values which satisfy this proportion are very exact, as 
will be seen by the following comparison : 

Harmonie. Newcomb. 
Sun + Neptune 19372.86 19380 + 70 
Sun + Uranus 22603.33 22600 + 100 


439. Mass-Relation of Mars and Mercury. 


The Earth appears to have exercised an influence upon the two ex- 
terior planets of the belt of greatest condensation, analogous to that which 
the Sun has exercised upon Neptune and Uranus. We find, accordingly, 

mi: m5 :: p, : pr- 

In this proportion, if we let », and p, represent the mean distances of 
Mars and Mercury, respectively, the mass of Mars would be 1.5789 times 
that of Mercury. Adopting Hall’s estimate of Sun + Mars = 3093500, 
we findSun -+ Mercury = 4884366. Encke’s estimate is 4865751. These 
estimates are based upon the hypothesis that Sun + Earth = 354936. If 
we substitute the harmonic value, 329196, we get Sun -~- Mars = 2869151 ; 
Sun + Mercury = 4530150. 

PROC. AMER. PHILOS. soc. xxt. 116. 8x. PRINTED JuLy 31, 1884. 
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440. Linkage of Harth and Neptune. 


It was shown in Note 428 that Earth’s mass may be harmonically de- 
duced from Sun’s mass through its limiting value of circular orbital ve- 
locity. Neptune’s mass may be deduced from Earth’s through the cor- 
responding limit of orbital time. We have, accordingly, m, : m, : : ta tty t: 


16.98 : 1. In this proportion fg = 2z y" ; t, =a sidereal day. 


441. Harth’s Oblateness. 


The importance of Earth’s position, at the centre of the belt of greatest 
condensation, is further shown by the fact that its centrifugal force of 
daily rotation, by which it is harmonically connected with Neptune, has 
also determined its oblateness. For we find that (tq + t,)* = 288.4. 
Listing’s estimate (See Note 249) is 288.5. 


442. Linkage of Earth and Uranus. 


Another interesting connection between the dense belt and the outer 
twin-planet belt, is shown by the proportion, 365.2565 : 338.2183 : : pg’ : 
ps In this proportion, 338.2183 is the distance, measured in Earth’s semi- 
diameters, at which a satellite particle would revolve in a solar year; 
pe is the secular aphelion distance of Uranus, while p, is its mean distance. 
This relation is also interesting because the aphelion of the 33.25 year me- 
teoric belt is in the orbit of Uranus, and because a ray of light would tra- 
verse the same meteoric orbit in the time of one solar rotation. The pro- 
portion gives, for the secular aphelion of Uranus, 1.07994. Stockwell’s 
estimate is 1.07797. 


443. Another Linkage of Harth and Jupiter. 


In notes 425 and 426, the gravitating accelerations of Earth and Jupiter 
were shown to be harmonically related to each other, as well as to the 
gravitating acceleration of the Sun. The moon furnishes another har- 
‘nonic link, which is shown by the equation 

60.2778 x 5.202798 x 1047.879 = 328629. 

In this equation 60.2778 is von Littrow’s estimate of Moon’s mean dis- 
ance in equatorial semidiameters of the Earth; 5.202798 is Jupiter’s 
nean distance, in Earth’s mean veetor radii; 1047.879 is the quotient of 
jun’s mass by Jupiter’s mass ; 328629 is, within less than 4 of one per 
cent, the harmonic quotient of Sun’s mass by Earth’s mass. 


444. The Meteoric Theory of World Building. 


Proctor (North American Review, May, 1884) criticises the theory of 
Ibers, which has been lately advocated by Herbert Spencer, and’consid- 
‘rs that the asteroidal belt has been formed by meteoric influence, in con- 
nection with the attraction of Jupiter, rather than by the explosion of any 
primitive planet. In many of the foregoing notes there has been evidence 
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of influences which may be regarded as meteoric. Indeed, Herschel’s 
subsidence-theory recognizes the continual activity of such influences, 
provided we consider every particle which is falling towards the sun as 
meteoric. If we still further regard the luminiferous sther as material, 
we may consider ourselves as living in a condensing and rotating nebula. 


445. Linkage of Sun, Earth, Jupiter and Saturn. 


The influence of simple primitive subsidence, which was so strikingly 
exemplified in the mass-ratios of Neptune and Uranus (Note 488), is no 
less evident in the four important cosmical bodies which represent, re- 
spectively, the chief centre of nucleation (Sun), the chief centre of con- 
densation (Earth), the primitive nebular centre (Jupiter), and the centre 
of inertia of the primitive planetary system (Saturn). This influence is 
shown by the equation 


Sun x Earth x Saturn = Jupiter’. 


Substituting in this equation the harmonic ratio of Sun to Earth (329196) 
and Bessel’s estimate of Sun + Saturn (3501.6), we get for Sun + Jupi- 
ter 1048.5. 

446. Saturn’s Secular Lecentricity. 


The mutual actions and reactions, among the four cosmical masses 
which were introduced into the foregoing note, are still further shown by 
the connection of the orbital periods of Earth and Jupiter with the secular 
eccentricity of Saturn. 

This connection is shown by the proportion 


4332.5848 : 365.2565 :: 1 : .0843045. 


Stockwell’s estimate of Saturn’s secular eccentricity is .0843289. 
This differs by less than ,, of one per cent from the harmonic estimate. 


447. Primitive Phyllotactic Relations, 


The centre of a nebula which is bounded at opposite extremities of its 
diameter by the secular aphelia, or loci of incipient subsidence, of Nep- 
tune and Uranus, according to Stockwell’s estimate, is 4.8952. This differs 
by less than 4 of one per cent from Jupiter’s secular perihelion, or locus 
of incipient nebular rupture. The mass of Neptune is approximately ° 
of Earth’s harmonic mass. Uranus is almost precisely ,°, of the Uranus- 
Neptune belt. Saturn is almost precisely »; of the Jupiter-Saturn belt. 
The numbers }, 2 X +5, x and ,; are all phyllotactic. The values which 
fully satisfy these mass relations are 


Sun + Neptune 19352. 76 
Sun + Uranus 22578.22 
Sun + Saturn 8496. 71 
Sun + Jupiter. 1047.21 
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448. Phyllotaxy in the Asterdidal Belt. 


Kirkwood (Proc. Amer. Phil. Soc., xxi, 266) in discussing the gaps and 
clusters of the Asteroidal belt, says: ‘‘In three portions of the ring the 
clustering tendency is distinctly evident. These are from 2.35 to 2.46, 
from 2.55 to 2.80, and from 3.05 to 3.22; containing forty-three, ninety- 
six and forty asteroids, respectively. We have thus an obvious resem- 
blance to the rings of Saturn ; the partial breaks or chasms in the zone 
corresponding to the well known intervals in the system of secondary 
rings.’’ He accounts for the gaps by the periodic harmonic perturbations 
of Jupiter, but he gives no explanation of the clustering tendency. 

If we take ,,, 4, and § of Jupiter’s mean distance, we have 2.401, 2.601, 
8.252. The numbers 2 x ,y, $, and gare all phyllotactic. The first of 
the clusters, ,, seems to indicate a harmonic connection with the primi- 
tive rupture of the Uranus-Neptune belt which was pointed out in the 
foregoing note. 

449. Constant of Aberration, 

Magnus Nyrén has published, in the Memoirs of the St. Petersburg 
Academy, a valuable paper on the determination of the constant of aber- 
ration. A summary of his results is given by A. M. W. Downing, in 
The Observatory, vi, 365. The value which has long been accepted by 
astronomers is 20/’.445. Struve discussed the possible sources of error, 
some years after the publication of his memoir, and adopted the value 


20/'.463. Nyrén deduces, from three different sets of observations at 
Pulkowa, 20/’.492 + 0/’.006, which Downing thinks ‘‘must be an ex- 
tremely accurate value of this important constant, and will probably have 
to be considered final until it can be corrected by an equally accurate and 
extensive series of determinations made in the southern hemisphere. Such 
a determination is, at the present time, a desideratum in astronomy.’’ 


450. Suecession of Harmonic Mass Influences. 


According to the foregoing notes, the first harmonic influence in the 
determination of relative planetary masses seems to have been that of 
simple subsidence, represented by the cubes of masses. Next was the 
simple product of mass by distance, representing the beginning of the 
change from static to rotary equilibrium. Then came the product of mass 
by the square of the distance, representing nebular rotary inertia. This 
was followed by the quotient of mass by the square root of distance, rep- 
resenting simple orbital momentum. These relations seem so natural and 
so important that it may be well to give the calculations in detail, for 
future reference, and also to extend those calculations to the most import- 
ant linkages which have been indicated among the different planetary and 
satellite belts. 

451. Simple Subsidence. 
There are three planetary illustrations of the determination of mass by 


simple subsidence : 
1. In the Neptune-Uranus belt (Note 438) the mass of the belt (m, + 
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m,) and the mean eccentricity of the outer or subsident member are so 
influenced by the change of centripetal into tangential orbital motion 
that we find 
nx” (1 + @) (m, + my) = ms. 
According to Stockwell, Neptune’s mean secular eccentricity, ¢ = 
-0100389. Hence we derive the data for the following calculation : 
30. 46955 1.4838661 
19.183581 1.2829297 
$ (1 — 2) 1.1667527 .0669788 
x -9942998 
1+ 4 -0043381 
3.0203111 
(4+ 5 + 6) =-log. 1 + (m, + m,) 4.0189490 
‘ . 1. 1667527 
log. (3) representing the ratio of m, : m,, log. m, = log. 3.1667507 + > and 


1 
log. m, = 108. 9 1667597 + 
2.1667527 -3358093 8 
(7+8)=1+m, 4.3547583 9 
(9 — 3) = 1+™m, 4.2877795 10 
2. In the actions and reactions of the chief centres of nucleation (Sun), 
condensation (Earth), nebulosity (Jupiter), and planetary inertia (Saturn), 
the mass relation arises which is given in Note 445. 
1 + m, = 329196 5.5174544 11 
1+m= 3501.6 3.5442665 12 
} (11 + 12) 3.0205736 13 
3. In the Mars-Mercury belt, as modified by solar and terrestrial action 
(Note 439). 
a= 1.5236898 .1828960 14 
A= .8870987 T.5878218 15 
(14 — 15) .5950742 16 
4 (16) 1.5789 -1983581 17 
3093500 6.4904501 18 
(17 + 18) 4884366 6.6888081 19 
354936 5.5501499 20 
(18 + 11 —20) 2869151 6 4577546 21 
(19 + 11—20) 4530150 6.6561126 22 
452. Change of Static to Rotary Equilibrium. 
The following logarithms represent the influence of the change from 
static to rotary equilibrium as explained in Note 424. 
1+m, = 1047. 879 3.0203111 23 
p's -9391726 T.9727454 24 
(23 — 24) 1115.747 3.0475657 25 
ps 5.202798 7162339 
Ps 214.4513 2.3313288 27 
r= 206264'’.806247 5.3144251 28 
(28 — 27) 7 = 961''.8254 2.9830963 29 
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453. Mass of Saturn. 


Dr. Meyer’s estimate of m, + m, (The Observatory, vi, 279), is 3482.93 
+ 5.5. This is nearly identical with Hall’s value, as given in Note 436. 


1 
Meyer includes the rings, estimating their mass as equivalent to i191" 


1 
Bessel’s estimate was jis: If we omit the rings, m, <- m, becomes, ac- 


cording to Meyer, 3512.2, which is substantially identical with Leverrier’s 
value (3512). Substituting in Alexander’s harmony we get, for Saturn’s 
mean distance, 9.52513p,, which differs by less than } of one per cent from 
the generally accepted distance. 
8512.2 3.5455 792 30 
(26) + $ (80 — 23) 9.52513 9788709 31 


454. Orbital Momentum. 


The logarithms which represent orbital momentum for Earth and Venus 
(Note 437) are as follows : 
7233323 T.8593379 32 
$ (32) .85049 T.9296690 33 
(11 — 33) 337066 5.5877854 34 


Notes 451-4 give simple harmonic approximations to all the masses of 
the eight primary planets. I think this is the first publication in which a 
uniform scale has been adopted for all the planets, and I submit it fear- 
lessly for comparison with any estimate which has been based on ordinary 
astronomical data. 


455. Linkage of Harth and Jupiter. 


We are now prepared fora systematic examination of the linkages among 
the different belts. In note 425 we found that the gravitating energies, at 
the chief centres of nucleation and of nebulosity, are so connected as to 
give the equation : 

(l—¢) 9,4 = V % To 
The value of V g, 7, may be found by the following logarithms : 

2x .7981799 85 

§ (27) 3.4969932 36 
31558149 7.4991115 37 
(35) + (36) — (37) 4.7960616 38 
2 (38) 7.5921232 39 
_= 17863. 25 4.2519605 40 
(38) — (24) — (40) 8.5713557 41 
(41) — (39) 2.9792325 42 
§ (— 23 — 42) T.0002282 43 
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456. Harth’s Mean Radius Vector. 


The mean radius vector of the chief centre of condensation is harmoni- 
cally found by the methods of Notes 428 and 434. 


93 = -00607723 miles. 
, = 3962.8 

V Js Vs = 4.90743 

§ X 3 

(46) + (47) 

(48) + (87) — (35) 
.99879 

(49) — (50) 


3.7837055 
3.5980022 
.6908538 
.5740313 
1.2648851 
7.9658167 
1T.9994742 
7.9663425 


dt 
45 
46 
47 
48 
49 
50 
51 


The value of m, = m;, which represents this mean distance, may be 


found by the formula : 


3 
‘ (‘) x? Ty -+ (J X 81558149") = m, + m, 


8 (51 — 45) + 2 (35) + (45) — (44) — 2 (87) = (11) 


457. Second Linkage of Harth and Jupiter. 


The linkage between the superficial gravitating energies of Earth and 
Jupiter, which is shown in Note 426, may be computed as follows : 


} (24 + 42 + 43) 

(38 +- 52) 

(26 + 46 — 53) 

(27 + 54) 

(38 + 54) 

2 (56 — 46) + (54 — 45) 
(43 + 54 — 45) 


458. 


2.9761030 
5.7721646 
5.6849261 
7.9662549 
2.4309877 
5.5171917 
1.0371521 


52 
53 
54 
55 
56 


58 


Other Terrestrial Linkages. 


The linkage of Earth, Moon and Jupiter, which is represented in Note 


443, introduces the following logarithms. 
’ 60.2778 
(59 + 26 + 23) 
The linkage of Earth and Neptune (Note 440) 

gives the following logarithms : 
4 (45 — 44) 
(61 + 35) 
86164.08 
(63 — 62) 
(11 — 64) 
2 (64) 


16.9824 
19384.58 
288.4 


1.7801574 59 
5.5167054 60 


with Earth’s oblateness 


2.9071484 
3.7053283 
4.$353263 
1.2299980 
4 2874564 
2.4599960 


61 


62 


64 
65 
66 
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The linkage of Earth and Uranus, Note 442, gives the following loga- 
rithms : 


365.2565 2.5625979 67 
338.2183 2.5291971 68 
(67 — 68) 1.07994 -0334008 69 


459. Moon’s Mass and Karth’s Eccentricity. 


The harmonies of lunar mass and Earth’s orbital eccentricity (Notes 
431-3) introduce the following logarithms : 
7 .4971499 70 
7989 8.9024924 71 
20000000 7.3010300 72 
(70 + 71 — 72) 0012549 3.0986123 73 
— (73) 2.9013877 74 
(74) — 2 (70) 80.74 1.9070879 75 
43082.04 = ¢, 4.6342963 76 
(44) + 2 (76) — 2 (70) 6.0579983 77 
(55 — 77) 80.957 1. 9082566 78 
81.957 1.9135861 79 
(44 + 76) 2.4180018 80 
2 (80) +- (78) — 2 (56) — (79) T.9686987 81 


460. Series of Harmonic Equations. 


The harmonic analogy between the Neptune-Uranus and the Mars- 
Mercury belts may be still further extended by the following equations, 
which enable us to deduce all the masses of the primary planets from the 
harmonic value of the mass at the chief centre of condensation : 

0, m 
I= 45 i! 
tx §x V 957; =V 75 pr 
ta + ts = M, + M, 
x* (1 +- ¢) (m, + m,) = m, 
n° (m, + m,) = m, + Mm, 
ps! > py =m, + m,' 
My M, ™, = mM; 
a> p= me + mF 
Pr > py =m + m;? 


Ww AR 


cs mm oN 


. 


461. Hzplanation. 


In the foregoing note g = gravitating acceleration of any mass m, at 
any distance r, provided m and r are expressed in units of Sun’s mass and 
semi-diameter ; 0, = velocity of light ; ¢ = time of solar half-rotation ; y, = 
solar gravitating acceleration at Earth’s mean radius vector (p,); #8 = 
time of theoretical satellite rotation at Earth’s équatorial surface = 
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nV, ta =a sidereal day ; ¢, = Neptune’s minimum secular eccen- 
3 


tricity ; p, = Neptune’s mean secular aphelion,; p, to », = mean vector 
radii and m, to m, = masses of the eight primary planets. 

The equations represent various obvious radial and tangential actions 
and reactions. Equation (1), when applied at the Sun’s surface, which 
is the point of greatest gravitating acceleration in the solar system, gives 
gt=v,. This satisfies Ohm’s law, as applied to solar rotation in a mag- 
netic field, Fourier’s theorem, Laplace’s principle of periodicity, and the 
projectile velocity which balances «thereal resistance at Sun’s surface. 
The actions and reactions of centripetal gravitation and centrifugal radia- 
tion are thus coérdinated in such ways as to give simple forms of expression 
for all kinetic correlations. Equations (4) and (5) represent similar tan- 
gential tendencies to belt formation by the v¢s viva of primitive tangential 
motion, both at the outer limits of the solar system and at the outer limits 
of the belt of greatest condensation. Equation (2) represents a harmonic 
relation of tangential velocities, at the chief nucleal centre and at the 
chief centre of condensation. This equation satisfies Laplace’s demon- 
stration of the tendency to exactness in simple numerical relations. It 
also satisfies various tendencies of subsidence as wel] as of linear and of 
rotary inertia. Equation (9) gives harmonic tangential velocities to the 
two interior companion masses, in the belt of greatest condensation. 
Equations (6), (7) and (8) represent radial and belt-rupturing tendencies 
of simple subsidence. In the mutual interactions of gravitating subsi- 
dence the sums of the gravitating accelerations, along mutually connect- 

™ 2 
ing lines, vary as the respective masses ; therefore +, or the vis viva of 
subsidence, varies as m*; Equation (3) represents harmonic interactions 
between the centre of primitive sybsidence (m,) and the chief centre of 
condensation (m,). The importance of these interactions is still further 
exemplified by the fact that (¢, ~- ¢,)? = Earth’s oblateness according to 
Listing’s estimate (Note 440). This accordance seems calculated to throw 


great doubt upon Delaunay’s hypothesis of retardation by the “tidal 
brake.’’ 


462. Deduced Values. 


The following harmonic values satisfy the equations of Note 460. Some 
of the latest astronomic estimates are also given, in order to show the 
closeness of accordance : 


Harmonic. Astronomical. 
My, + M, 4527977 4512885 Encke. 
My + My 387066 396256 Hill. 
My +- Ms 829196 329161 Faye. 
My -- M, 2867780 2869157 Hall. 
My. + Ms 1049.4 1050 Leverrier. 


PROC. AMER. PHILOS. soc. xxi. 116, 3y. PRINTED JULY 31, 1884. 





608 {April 18, 


Harmonic. Astronomical. 
8510.7 3512 Leverrier. 
22508. 7 22600 + 100 Newcomb. 
19384.6 19380 +: 70 Newcomb. 


463. Hvidence of Nebular Subsidence. 


The outer portion of the Neptune-Uranus belt is harmonically connected 
with the belt of greatest condensation, as we have seen (Note 440), by an 
important mass-relation. One linkage of the inner portion of the same 
belt was given in Note 442; another is found in the proportion 


ta : tg : : (ps + dp)” : pr’: 
1 : 366.2565 : : (1.00233155)* : (19.18244)? 


Leverrier’s estimate of p, is 19.18264, which differs from the harmonic 
estimate by less than } of Sun’ssemi-diameter. This harmony introduces : 
(1) The rupturing tendencies of nebular subsidence through $r; (2) The 
interstellar parabolic influences which have determined the harmonic po- 
sitions of the eight primary planets and of the asteroidal belt (Note 46); 
(3) The conversion of parabolic into elliptical influence, with foci at the 
centres of Earth and Sun ; (4) The variation of the times of nebular rota- 
tion inversely as the square of radius. These relations, taken in connec- 
tion with equation 3, Note 460, furnish conclusive evidence in support of 
Herschel’s ‘‘ subsidence theory.”’ 


464. Harth’s Dependence on Luminous Undulation. 


The influence of luminous undulation in determining Earth’s orbital 
period is quite as remarkable as its influence upon the time of solar rota- 
tion. The latter represents the maximum energy, while terrestrial revolu- 
tion represents the mean energy of luminous undulation, in accordance 
with the general principle that, when a disturbance consists of terms in- 
volving sines or cosines of angles which vary with the time, the maximum 
energy is twice the mean energy. According to Stockwell, the secular 
centre of the belt of greatest condensation is at 1.0169394,,, which is an 
arithmetical mean between Earth's mean radius vector and its mean 
aphelion. Earth, like Jupiter, shows the energy of wthereal projection as 
well as the mean energy of luminous undulation. We find, accordingly, 
9s X 1 year = 1.03387880,. This gives 0, = 185501.5 miles. 


465. Jupiter’s Dependence on Luminous Undulation. 


The combined influence of luminous undulation and central condensa- 
tion, in determining Jupiter’s orbital velocity, is equally striking. 
1,0169394r, : p,:: V7, py 3%): 
Substituting the harmonic value of p, (92542800), this proportion gives 
©, = 185498.1 miles. 
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466. Neptune’s Dependence on Luminous Undulation. 


The varied harmonies which have been pointed out between the Nep- 
tune-Uranus belt and the dense belt, may naturally lead us to seek for 
some additional evidence of luminous influence at the outer limit of the 
solar system. Such evidence is furnished by the proportion : 


Pa * Pp** Py * py 
In this proportion p, = Neptune’s secular aphelion + Earth’s mean 
aphelion ; Pp = Neptune’s secular aphelion ; Py = centre of belt of 
greatest condensation. Substituting Stockwell’s apsidal elements and the 
harmonic value of p,, the proportion gives 0, = 185492 miles. The ex- 
treme range of discrepancy in the three estimates (Notes 464-6) is less 
than ;}4, of one per cent, or less than ten miles per second. 


467. Harmonic Estimate of the Constant of Aberration. 


Earth’s mean orbital velocity is 1296000/’ + 31558149 = 0/’.041067 ; 0, 
= 185497.2 miles, if we take the mean of the three foregoing estimates. 
To find the constant of aberration we have the proportion : 


185497.2 : 92542800 : : 1 sec. : 498.89 sec. 
0’/.041067 x 498.89 = 20//.488. 


The close accordance of this value with Nyrén’s estimate (Note 449), 
furnishes satisfactory confirmation both of the accuracy of Stockwell’s cal- 
culations and of the precision of the harmonic estimate. 


a“ 


The foregoing results abundantly show that the principle of harmonic 
motion is of ‘‘immense use not only in ordinary kinetics, but in the 
theories of sound, light, heat, etc.””* Analogy, the law of parsimony, 
the theories of kinetic correlation, and the various principles enumerated 
in Note 461, all point to the value of 0,, which is given in the foregoing 
note, as equivalent to the ratio ‘‘V’’ between the electrostatic and electro- 
magnetic units of electricity, electric current, magnetic potential, electric 
displacement, surface density, magnetic force, and strength of current at 
a point. The corresponding resistance in the field of rotation is 29.853 
Ohm’s. This agrees very closely with Foucault’s estimate, 29.836 Ohm’s. 
Weber’s estimate+ was 31.074; Thomson’s{ 28.2; Maxwell’s{ 28.8 ; 
Michelson’s§ 29.982. The modulus of light which is represented by the 
harmonic constant of aberration may be found as follows: r, = p, + 
214.4513 = 431532.8 miles; g, = m, 7,’ + m, 7)? = .16878 miles; xr, + 
0, = 7.3085 sec. ; 7.3085g, = 1.233 miles = 0 of solar rotation; V gp 7) = 
269.82 miles ; 269.82 ~ 1.233 = 218.833 ; (218.8337)’r, = 4726337, = modu- 


* Thomson and Tait, Nat, Phil,, i, Sec. 52. 
t Pogg. Ann., Aug. 10, 1856. 

t Rept. Brit. Assoc., 1869, pp. 434, 436. 

2 Am. J. Sci., Nov., 1879. 
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lus of light at Sun’s surface ; Laplace’s limit, L = 218.883%r, = 36.314r,. 
An additional] linkage of Sun, Earth, Jupiter and Neptune is shown by 
the proportion : 
L : py? Pas * Pas 
In this proportion p,, p,, Tepresent secular perihelion of Earth and 
Neptune, respectively. Substituting Stockwell’s value of p,, gives p,, = 
29.68p,. Stockwell’s estimate is 29.73p,. 


469. Another Linkage of Jupiter and Earth. 


Let Va = vis viva of circular orbital revolution which Jupiter, when at 
mean aphelion, would be able to give to a particle at the centre of the 
solar system = m,’ + p,; V,;== molecular vis viva which Earth would 
be able to communicate to the same particle = $ (m,* +- ps); 0 = ve- 
locity of light; o, = circular orbital velocity of a particle at the chief 
centre of condensation in the solar system (Earth). Then we find vg: 
Vv; ::®a:®,. Substituting the harmonic values of Earth’s mass and of the 
constant of aberration, with Stockwell’s estimate p, + p; = 5.427351, we 
find 0, + 0, = 10067.61 ; m,; + m, = 318.61; m, + m,; = 1049.69, which 
differs by less than J, of one per cent from the value which was deduced 
in Note 462. This relation shows that, when nebular subsidence and 
luminous undulation had established incipient orbital motion around the 
Sun at Jupiter’s mean aphelion, the actions and reactions among nucleal 
centres established the molecular motion, at the chief centre of density, 
which resulted in Earth’s orbital oscillation. The first indication of the 
importance of the factor $ appears to have been given by me (Proc. Amer. 
Phil. Soc. xii, 394). Maxwell subsequently adopted it (P. Mag., June 
and Sept., 1877, pp. 453, 209) without leaving any record of the source 
from which he derived it, or of the reasons upon which it was based 
In all of my investigations my first inquiry is, what obvious radial or 
tangential velocity, momentum, or vis viva is there, which would be likely 
to operate in producing or maintaining such exactness of cyclical harmony 
as is necessary for the stability of the system. The first trial usually 
gives some clue which suggests the next. These alternations, between 
Baconian observation and the ‘‘scientific use of the imagination,’’ have 
been rewarded by frequent confirmations of predictions which I had haz- 
arded and recorded weeks, months, or years, before they could be sus- 
tained by any known data. 


470. Dense-Belt Projection. 


The interstellar parabolic trajectories, which have tangential directices 
at Sun’s surface, and a common focus at Sun’s centre, have a vertical 


locus at +. The length of the luminous undulation which becomes 
semi-circular in solar rotation is xr,. The sum of these two centrifugal 
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tendencies is 3.6415938r,, or .0169414 (o, ++ 7} which differs by less than 


gz Of one per cent from Stockwell's estimate of the projection of the centre 


P 
of the dense belt. For the influence of p, + * upon the orbital locus of 


Uranus, see Note 463. 


471. Sun’s Equatorial Acceleration. 


The luminous projection of Jupiter and of the centre of the dense belt, as 
well as the other evidences of apsidal influence upon planetary harmonies, 
show that molecular vie viva has slightly modified the simple undulatory 
vis viva of the luminiferous ether. The amount of the solar equatorial 
acceleration is not precisely known, because no Sun-spots have been ob- 
served very near the solar equator ; it cannot, however, differ much from 
Earth’s mean secular eccentricity. We may, therefore, regard this as 
another evidence of the harmonic importance of ‘‘ subsidence ’’ to the belt 
of greatest density. 


Stated Meeting, June 20, 1884. 


Present, 5 members. 
President, Mr. FRALEY, in the Chair. 


A letter accepting membership was read from James H. 
Hutchinson, M.D., dated May 16, 1884, No. 133 South Twenty- 
second street, Philadelphia. 

The decease of Prof. Dr. Heinrich Robert Géppert, at Bres- 
lau, May 18, 1884, aged 83, was announced. 

A letter was received from J. M. Da Costa, M.D., accepting 
the appointment to prepare an obituary notice of the late Dr. 
Gross. 

Prof. Baird requested, by letter, a copy of Proceedings No. 
110 for the Library of the Imperial Museum at Strasburg, 
which was ordered to be sent. 

Prof. E. D. Cope requested, by letter, the insertion of a 
paragraph in the Proceedings enlarging the notice of the 
minutes of January 18, 1884. 
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An application was read for the Magellanic Premium, 
signed “ Arcturus,” on the explosion of tanks containing petro- 
leum, and the method of preventing the same. 

Prof. Cope sent a paper on the Extinct Mammalia of Valley 
of Mexico. 

Mr. Richard Vaux read a paper on the history of the Penn- 
sylvania prison system. 

Nominations Nos. 1023 to 1028, were read. 

Letters of acknowledgment were received from the Holland 
Society at Harlem (114); the Fondation Tyler (114); the 
Royal Zodlogical Society, Amsterdam (113, XVI, i); the 
Observatory at Prague (118, XVI, i); the Royal Society of 
Sciences, G6ttingen (XIII, i, ii); the Radcliffe Observatory 
(114); the Royal Observatory, Edinburgh (113, XVI, i); 
Wm. Blades, 28 Abchurch Lane, London (114); the Statisti- 
cal Society, London (114). 

Letters of Envoy were read from the United States Consul 
at Budapest, April 29, 1884; the Royal Zodlogical Society, 
Amsterdam, June 4; the Musée Guimet, April 16, and the 
National Academy at Cordova, South America, requesting 
exchanges. 

Donations for the Library were received from the Geologi- 
cal Survey of India; Academy at St. Petersburg; Mr. Joseph 
de Lenhossek, of Budapest; Anthropological Society, Geo- 
logical Institute, Vienna; Royal Bavarian Academy; Royal 
Saxon Society; Royal Society, Gottingen; Royal Prussian 
Academy; Society at St. Gall; National Antiquarian So- 
ciety, Copenhagen; Tuscan Society of Natural Sciences, 
at Pisa; Musée Guimet and Society Agriculture, Lyons; 
Commercial Geographical Society and Meteorological Com- 
mission, Bordeaux; Institute of France, Ethnological So- 
ciety, Anthropological Society, Zodlogical Society, Geo- 
graphical Society, M. Leon de Rosney, Society of Ameri- 
canists, Society for Japanese Studies, Bureau of Longi- 
tudes, M. M. Locroy, Paris; Royal Academy of History at 
Madrid; Astronomical Society, Geographical Society, Nature, 
London; Cambridge University; Glasgow Observatory; Pat- 
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rick Geddes, of Edinburgh ; Nova Scotia Institute of Sciences ; 
Boston Society Natural History; American Journal Science ; 
American Chemical Society; New York Historical Society, 
New York Academy of Sciences, New York Meteorological 
Observatory, Philadelphia Academy Natural Sciences, Frank- 
lin Institute, Journal of Pharmacy, Engineers’ Club, Zo6- 
logical Society, Dr. Geo. L. Harrison, J. A. Kirkpatrick, 
Heber S. Thompson, Edwin Atlee Barber, Henry Phillips, 
Jr. E. D. Cope, A. E. Foote, Eli K. Price, American 
Journal of Philology, Baltimore Johns Hopkins University, 
United States National Museum, United States Army Bureau 
of Engineers, Census Bureau, Jed. Hotchkiss, of Staunton, 
Virginia, American Antiquarian, Chicago. 
And the meeting was adjourned. 


Stated Meeting, July 18, 1884. 
Present, 3 members, 
President, Mr. FRALEY, in the Chair. 


A letter was received from the President of the Committee 
for erecting a statue to Jean Baptiste Dumas, and requesting a 
subscription for the same. 

The death of Dr. Karl Richard Lepsius was announced as 
having taken place July 11, 1884, stat. 83. 

A letter was received from Gen. W. F. Reynolds announcing 
a change of address to Detroit, Michigan. 

Letters of acknowledgment were received from the Royal 
Academy of Sciences, Amsterdam (113, XVI, i); Royal In- 
stitute, Lombardy ; Prof. J. S. Steenstrup (113); K. K. Cen- 
tral Institute (114); University Library, Cambridge (114); 
New Hampshire Historical Society, Concord (115); Ameri- 
ean Antiquarian Society, Worcester (115); Essex Institute 
(115); Boston Athenzum (115); American Statistical Asso- 
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ciation, Boston (115); Connecticut Historical Society (115); 
W. P. Blake, New Haven (115); W. D. Whitney, New 
Haven (115); New York Historical Society (115); Library 
United States Military Academy, West Point (115); C. H. 
F. Peters, Clinton, New York (115); New Jersey Histori- 
eal Society (115); Numismatic and Antiquarian Society (115); 
Wyoming Historical and Geological Society, Wilkes-Barre 
(115) ;. Pentisylvania State Library (115); Thos. C. Porter, 
Easton, Pennsylvania (115); Leander McCormick Observatory, 
Virginia (115); Georgia Historical Society (115); Cincinnati 
Observatory (115); Robert Peter, Lexington (115); Library 
of the University of Tennessee (115); Henry S. Frieze, Ann 
Arbor (114, 115); State Historical Society of Wisconsin (115); 
Kansas State Historical Society (115); Geological Survey, 
Washington, a set of the publications of the American Philo- 
sophical Society. 

Letters of envoy were received from the Society of Natural 
Sciences of Elberfeld, and the Royal Society of Canada. 

Donations to the Library were received from the New Zea- 
land Institute; Royal Friedlander, Berlin; K. K. Observatory 
in Prag; Societies of Natural Sciences at Emden, Elberfeld 
and Lausanne; Central Bureau of Statistics, Stockholm; 
Royal Academy of Belgium; Royal Observatory at Brux- 
elles; M. Paul Albrecht; Ecole des Mines; Societies of Geog- 
raphy at Paris and Bordeaux; M. B. Balliere & Son; M. Paul 
Tournafond; Society of Physical and Natural Sciences at 
Bordeaux; Prof. C. H. F. Peters; Prof. Luigi Ambiveri; 
Society of Antiquaries; Royal Astronomical Society ; Journal 
of Forestry; Nature; Essex Institute; M. Franklin B. 
Hough; American Academy of Arts and Sciences; Ameri- 
can Oriental Society ; the Boston Society of Natural History ; 
S. E. Cassino & Co.; the Peabody Museum; Harvard Univer- 
sity; the Free Public Library of New Bedford; American 
Journal of Science; Yale College; American Chemical So- 
ciety ; Mercantile Library ; New York Meteorological Obser- 
vatory; American Journal of Medical Sciences; College of 
Pharmacy; McCalla & Stavely; the Franklin Institute ; Prof. 
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E. D. Cope; Dr. D. Jayne; Mr. Henry Phillips, Jr.; the 
Wyoming Historical and Geological Society ; Johns Hopkins 
University ; Peabody Institute; United States Geographical 
and Geological Survey; Department of the Interior; Mr. Jed. 
Hotchkiss; Geological Survey of Kentucky, and the National 
Academy of Sciences in Cordova (Argentine Republic). 

Permission was granted to Mr. Henry Phillips, Jr., to have 
copies made of Schultze’s Arawak grammar and dictionary 
(MSS. owned by the Society), for the use of Mr. E. F. im 
Thurn, of Demerara, British Guiana. 


The Special Committee, appointed May 16 to have the 
paintings owned by the Society cleaned and put in good order, 
was ordered to ascertain the cost of photographing the same. 


The following new members were elected : 


Sir John Lubbock, LL.D., Westminster, London. 
E. Burnett Tylor, LL.D., Museum House, Oxford. 
Wm. W. Keen, M.D., Philadelphia. 

N. Archer Randolph, M.D., Philadelphia. 

Rev. E. W. Syle, D.D., Philadelphia. 

Rev. H. Clay Trumbull, D.D., Philadelphia. 


New nominations, Nos. 1029, 1030, were read, and the meet- 
ing was adjourned. 


Correction of Minutes of January 18. 


Professor Cope remarked that the formation which forms the banks of 
the Rio Grande at Laredo, Texas, is in all probability the Laramie. It con 
tains at that point a thick bed of pure lignite. Above Laredo, on both 
sides of the river, an excellent lignite is mined. The wide valley of the 
Rio Grande as far as the eastern ranges of the Sierra Madre is probably of 
Laramie age, as Dr. C. A. White reports fossil mollusca of that age from 
near Lampazas, at the foot of the mountains. Wm. Arthur Schott (U. S. 
Mex. Bound. Survey I, Geology, p. 35) first observed these lignites, and 
Mr. Conrad pointed out the existence of Claiborne Eocene beds in the same 
region (loc. cit., p. 141). Professor Cope stated that the Claiborne beds 
rested immediately on the Laramie at Laredo. 
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Notes upon the Codex Ramirez, with a translation of the same. By Henry 
Phillips, Jr. 


(Read before the American Philosophical Society, October 19, 1883.) 


Perhaps one of the most valuable fragments of antiquity that has sur- 
vived the bigoted fury of the Spanish ecclesiastics is the Codex Ramirez, a 
history of the Mexicans as shown forth by their hieroglyphical and sym- 
bolical writings. It was prepared shortly after the Conquest by the orders 
and for the use of Sefior Ramirez de Fuen Leal, Bishop of Cuenca, Presi- 
dent of the Chancelleria, to be usedin deciding upon questions of all na- 
ture that were likely to arise before that tribunal. He caused the Aztec sages 
and priests to come together before him, and to agree upon an explanation 
of the characters and signs in which the law, history and mythology of the 
Mexicans were written. Asan authentic exposition of such, it is unique 
and of the greatest value to students. 

Brinton (Am. Hero Myths, 78), calls it ‘‘the most valuable authority 
we possess ;’” Pinelo (Vol. II, 603), refers to its having been used by Her- 
rera ; Chavero (Anales del Museo Nacional, III, iv, 120), ‘‘ se considera 
como la mejor fuente, acaso la unica verdaderamente autorizada, para cono- 
cer los hechos pasados en Tenochtitlan.’’ When Bishop Ramirez returned to 
Spain, he took with him this MS., which now exists in Madrid in a volume 
of twelve leaves folio entitled Libro de oro y Thesoros Indicos, and bears 
upon it various memoranda attesting its authenticity. 

The work is extremely difficult to understand, and full of obscurities 
arising partly from errors in transcription, partly from the use of anti- 
quated expressions, and a most involved and puerile style, and partly from 
incorrect and vulgar orthographies. 

In the following translation I have endeavored to reproduce the sim- 
plicity and meaning of the original, adding copious notes of explanation 
and conjecture wherever a passage seemed to demand it. 

(Note.—Tz is pronounced like the Maya(; X like the sound of sh in English ; 


i between two “1’’s is dropped; o and u were pronounced almost identical (Mo- 
lina). Anales de Museo Nacional, I, v1, 242.) 


HISTORY OF THE MEXICANS AS TOLD BY THEIR PAINTINGS. 
CHAPTER IsT. 


Of the Creation and Beginning of the World and of the Original and Supe- 
rior Deities. 

Through symbols and writings formerly used, through the traditions of 
the old and of those who in the days of their infidelity were priests and 
pontiffs, and through the narrations of the lords and chief men to whom 
they were accustomed to teach the law and educate in their temples in 
order to render them learned, brought together before me with their books 
and hieroglyphics, which according to what is demonstrated are believed 





Loder Ramirez, Proc. Amer. Philos. Soc., Vol. XXI p. 616. 


This Map of the Environs of the City of Mexico is reproduced from Le Petit 
Atlas Maritteme * * * (par Le Sieur Bellais, par ordre de M. Le Duc de Choi- 
seul. Paris, 1764). Vol, 2, Pl. 5. The configuration of the Lakes of Mexico and 
Chalco, however, is incorrectly represented. 
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to be of ancient origin, many of them anointed with human blood, it ap- 
pears that there was originally one god named Tonacateclé,' who took for 
wife Tonacagiguatl, or as she is sometimes called Cachequacalt, who created 
themselves, and were perpetual inhabitants of the thirteenth heaven ; 
of whose creation and beginning likewise there is nothing known 
except the fact that it also originated in the thirteenth heaven. Of this 
god and goddess were engendered four sons, the eldest was called Tlaclau 
queteztzatlipuca,* whom the peoples of Quaxocingo and Tascala reverenced 
as their chief divinity under the name of Camaztle,* and who was said to 
have been born of a ruddy color all over. They had a second son named 
Yuyanque tezcatlipuca ; he who was the greatest and the worst, who over- 
powered and bore sway over the other three, because he was born in the 
middle of all (nazio en medio de todos) ; he was totally black at birth. The 
third was called Quecalcoatl,* and for another name Yuguelicatl. To the 
fourth and the smallest they gave the appellation of Omitecilt,/ and Ma- 
quezcoatl, whom the Mexicans termed Vchilobi, because he was left-handed, 
and looked upon him as their chief deity, because in the land from whence 
they came, he was so considered, and was more especially the god of war- 
fare than were the other divinities. Of these four sons of Tonacatecli and 
Tonacagigulatl (sic), Tezeatlipuca was the one who knew all thoughts, and 
was in all places and read all hearts, for which he was called Moyocoya,® 
which is to say ‘‘the all-powerful,’’ according to which idea he is repre- 
sented in painting only as the air, by which name he is not commonly known. 
Vehilodi,’ the younger brother, and god of the Mexicans, was born without 
flesh (nacio sin carne), but only bones, in which condition he lived six 
hundred years, during which period of time the gods did nothing what- 
ever, the father as well as the sons, and in their representation there is no 
account taken of these six hundred years, counting them as they do from 
twenty to twenty, according to the sign which he holds, which stands for 
twenty. These gods were known by these and many other names, accord- 
ing to how their attributes are understood, for each community called them 
differefitly by reason of their dialects, and so they were given diverse 
appellations. 
CHAPTER 2D. 


Of how the World was created and by whom. 


When the six hundred years after the birth of the four brethren-gods, 
the sons of Zonacatecli, had passed away, they all four came together, and 
said that it was good that they should arrange what they had to do, and the 
law they were to be governed by, and they all committed to Quezalcoatl and 
Vehilobi, the performance of this task, in pursuance of which they created, 
under the orders and judgment of the others, the fire, and this being done 
they made the half-sun, which, on account of not being entire, gave not 
much but only aslender light. Presently they created a man and a woman ; 
the man they called Veumuco, and the woman (ipastonal,*® and to them 
they gave command that they should till the ground, and that the woman 





618 [Oct. 19, 


Phillips.] 


should spin and weave, and that of them should be born the Maceguales, 
and that they should find no pleasure, but should always be obliged to 
work ; to the woman the gods gave certain grains of muiz,*® so that with 
them she should work cures, and should use divination and witchcraft, and 
so it is the custom of women to do to this very day. Then they created 
the days which they divided into months, giving to each month twenty 
days, of which they had eighteen, and three hundred dnd sixty days in 
the year, of which will be spoken subsequently. Then they created 
Mitlitlatteclet and Michitecaciglat, husband and wife, and these were 
the gods of the lower regions (infierno), in which they were placed; 
then the gods created the heavens below the thirteenth, and then they 
made the water and created in it a great fish similar to an alligator 
which they named (%pagli, and from this fish they made the earth 
as shall be told; and to create the god and goddess of water, all the 
four divinities joined themselves together, and made T/alocatecli,” and 
his wife Chalchiutlique,"" whom they assigned to be the gods of water, 
to whom they betook themselves in prayer whenever it was needful. 
Of this god of water it was said that he had his dwelling of four apart- 
ments, in the middle of which was a large courtyard, where stood four 
large earthen pans full of water. In one of these pans the water was excel- 
lent, and from it the rain fell which nourished all manner of corn and 
seeds and grain, and which ripéned things in good season ; from the 
second rained bad water from which fell cobwebs on the crops, and 
blight and mildew ensued ; from another fell ice and sleet; when from 
the fourth rain fell nothing matured or dried. This god of rain water 
created many servants, small of body, who were in the rooms of the 
aforesaid house, and they held money boxes,” in which they caught 
the water from the great earthen pans, and various rods in the other hand ; 
and when the god of water sent them to irrigate any especial places, they 
started off with their boxes and sticks, and let fall the water where they 
were directed, and when it thunders the noise is caused by their striking 
the boxes with their rods, and when it lightens it comes from within these 
boxes. It is eighty years since Sefior de Chalco wished to sacrifice to these 
servants of the gods of water one of his hunchbacks ™ and took him to the 
Volcano, a very high mountain always covered with snow, fifteen leagues 
distant from the City of Mexico, and placed the humpback inside of a 
cave of which the entrance was closed up, and from lack of food 
he became drowsy, and was carried to where he could see the aforesaid 
palace and the manner of life of the deity ; sometime Jater the servants of 
Sefior de Chalco came to look for him to see if he were dead, but finding 
him living, took him home where he told what he had seen ; in this very 
year the people of Chalco were subdued by the Mexicans, and became en- 
slaved, and it was said that this had been the signal for their loss as it took 
place. Afterwards all the four gods, being united in work, they created 
from the fish OCipacuatii the earth, which they called 7laltecli,“ and repre- 
sent as the god of the earth, extended over a fish as having been made of it. 
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CHAPTER 3p. 


Of the Creation of the Sun, and how many Suns there have been, and how 
long each one lasted, and how the Maceguales ate in the time of each Sun, 
and of the Giants in those Days. 


All the aforesaid was made, and created without any account being 
taken of the year, except that it was all in one, and without any difference 
of time, and it is narrated that of the first man and woman who did as has 
been already said, about the time when these things began to be per- 
tormed, there was born a son to whom was given the name of Pilcetecli, 
and as there was lacking some woman for him to marry, the gods made of 
the hairs of Suchiquegar," a woman with whom his first marriage took 
place. When this was done all the four deities took notice that the half 
sun which they had created gave but very little light, so they resolved to 
make another half sun, so that it should illumine the whole earth. When 
Tezcatlipuca saw this he became himself a sun in order to give light, as we 
represent him in painting, and they say that what we see is only the bright- 
ness of the sun and not the sun himself, because the sun rises in the morning, 
traverses till midday, and then returns to the east in order to start again 
next day, and that which is visible from noon till sunset is its brightness, 
and not the sun itself, and that at night it neither shows itself nor has 
motion. So from being a god Tezcatlipuca made himself a sun, and then 
all the other deities created giants, who were very large men, and of such 
extreme strength that they could tear up trees with their hands, and they 
lived on the acorns of evergreen oak trees, and nothing else.’ This state 
of affairs lasted as long as this sun did, which was thirteen times fifty-two 
years, which make 676 years. 


CHAPTER 4TH. 
Of the manner which they have of reckoning. ® 


And since they commence to count time from this first sun, and their 
reckoning runs on from it continuously, leaving behind the 600 years, the 
period of the birth of the gods, and while Vehilobus was in his bones, and 
without flesh, as has been narrated, I shall now proceed to tell the manner 
and order in which they reckon their year, and this is it. As has been 
already said, each year contains 360 days, and 18 months, each month of 
20 days; and of how they use up 5 days in festivals, which became fixed, 
we shall speak later in our chapters touching on the feasts and their cele- 
brations. Holding the year as has been said they correct from four 
to four, and neither in their language nor in their paintings, take any ac- 
count of more than four years. The first they call ¢ectapatl, and paint it 
as a stone or flint with which they cut open the body in order to draw out 
the heart ; the second, cals, which they represent as a house, for by this 
name they call a house ; the third, tochili, whom they paint with a rabbit’s 
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head, for by this term they name a rabbit; the fourth, acal, which they 
represent as a sign for water. They reckon with these four numbers and 
objects till they come to the thirteenth year, which then rounds the great 
cycle, like the indiction or lustrum of the Romans ; and when finished 
four times thirteen, the four years being run four times thirteen, 
making fifty and two, this they call an age (epoch), and when 
fifty and two years are ended, with much pomp they celebrate the 
great year, and place the period with those already passed, and re-com- 
mence anew their four year computation ; the festival of which and the en- 
trance into the new cycle was celebrated among the Mexicans by extin- 
guishing all the lights that existed, and the priests would go to seek light 
again at a temple situated on a high mountain near Hstapalapa, where the 
ceremonies took place, about two leagues distant from Mexico. They then 
continued henceforth their count of four years, and then of thirteen, till 
they had reached their fifty-two, and so on from fifty-two to fifty-two 
for all time. 

Returning to the giants who were created at the time when Zezcatlipuca 
was the sun, it is said that when he ceased to be the sun, they all perished, 
and tigers made an end to them and ate them up, so that no one remained ; 
and these tigers were created in this fashion ; that after thirteen times 
fifty-two years had passed Quecucoatl became the sun, and Tezcatlipuca 
ceased to be it, because he gave him a blow with a great stick, and threw 
him over into the water, and there he was metamorphosed into a tiger, and 
issued forth thence to slay the giants; and this appeared in the heavens, 
for it is said that the ursa major came down to the water because he is Zez- 
catlipuca, and was on high in memory of him. 

In these eras the Maceguales ate the nuts of the pine trees and nothing 
else, which lasted while Quecalcoatl was the sun, during thirteen times 
fifty-two years, which was 676 years, which being come to an end Tezcatli- 
puca, on account of being a god did the same actions as his other brothers, 
and hence was made a tiger, and gave a kick in the breech to Quecalcoatl, 
which upset him and finished his term of being the sun ; and then a terri- 
ble wind arose which carried away all the Maceguales, except a few who 
remained suspended in the air, and the rest turned into apes and mon- 
keys ; then Tialocatecli, the god of the lower regions, became the sun, and 
remained so seven times fifty-two years, which are 364 years, in which 
time the Maceguales had nothing to eat, but a¢igiutli, which is a species of 
seed of a grain which is born in the water. When these years were over, 
Quecaleoatl sent down a rain of fire from heaven, and deprived Atlalocatecli 
of being the sun, and made his wife Chalchiutlique, the sun in his place, 
who remained so six times fifty-two years, which are 312 years, and during 
that time the Maceguales ate only a seed of a grain like maize named cin- 
trococopi."* And so from the birth of the gods to the fulfillment of the sun 
according to the count were 2000 and 600 and 20 and 8 years. 
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CHAPTER 5TH. 


Of the Deluge, and of the Full from Heaven and of the Restoration. 


In the last year of the sun Chalchiutlique, as has been told, it rained so 
much water and so great an abundance thereof that the heavens them- 
selves fell, and the waters carried away all the Maceguales that were, and 
from them were made all manner of the fishes that exist at the present 
day ; and so there ceased to be any more Maceguales, and the heaven 
itself had ceased to exist, for it had fallen upon the earth.” And when 
the four gods had seen that the heaven had fallen on the earth, which took 
place in the first year of the four after the sun had ended, and the rain had 
fallen, which was the year tochili, they ordained that all the four should 
make through the centre of the earth four roads by which to enter it in 
order to raise the heaven, to assist in which task they created four men ; 
one they called Cotemuc, another Yzcoaclt, another, Yzmali, and the fourth 
Tenesuchi. These four men having been created, the two gods, Tezcatlipuca 
and Qui¢teoatl, then formed themselves into enormous trees,*! Tezcatlipuca 
becoming the one known as Tazcaquavilt, meaning the tree of the mirror, 
and Qui¢aleoatl, the Queg whuesuch, and gods and men and trees together 
raised on high the heaven and the stars, just as they are to-day, and as a 
recompense for having raised them, Jonacatecli, the father, made them 
lords of the heaven and thestars ; and when the heaven was raised, 7¢zcat - 
lipuca and Quigaleoatl walked through it, and made the road which we 
now see there, and met in it, and remained there in it, and held their 
abode there. 

CHAPTER 6TH. 


What happened after the Raising of the Heaven and Stars. 


After that the heaven was lifted up, the gods renewed life to the earth 
which had expired when the heaven fell upon it, and in the second 
year after the deluge which was acalt, Tezcatlipuca altered his name, and 
changed himself into Mizxcoatl,” which means viper of snow, and for this 
reason he is painted among the godsa viper. In this year he desired to feast 
the gods, and for this purpose drew a light from the rods whence they were 
in the habit of drawing it, and hence the origin of drawing fire from flint, 
which are rods that havea heart. The fire being once drawn, it was the 
festival of making many and large flames. 

From this second year in which fire came forth until the sixth, nothing 
happened noteworthy, except that in the sixth year after the deluge Qinteul 
was born, son of Picenticli, eldest son of the first man, who, because he was 
a god and his wife a goddess, being made of the hairs of the goddess mother, 
could not die ; two years later, which was the eighth year after the deluge, 
the gods created the Maceguales, just as they had formerly existed, and 
there is no record of any other event till this cycle of thirteen years was ac- 
complished. In the first year of the second cycle of thirteen years there- 
after all the four gods came together and said that the earth had no light 
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but was in darkness, there being nothing else to give any light save the 
fires, so they created a sun to illuminate the earth, and this sun should eat 
hearts and drink blood ; so to feed it they were obliged to carry on con- 
tinual warfare to obtain for it blood and hearts. And since it was the will 
of all the gods that it should be so, in the first year of the second cycle of 
thirteen, which was the fourteenth after the deluge, they made a war 
which lasted two years till it was finished ; again in three years they made 
war, in which time Tezcatlipuca created 400 men and five women, so as to 
have some people for the sun to eat,”* these men lived only four years after 
which the women were the sole survivors. In the decennial year of this 
second thirteenth it is said that Suchicicar, first wife of Picigiutecli, son of 
the first man, died in the war, being the first woman to expire in warfare, 
and much the next powerful of all women, so many as died in war. 


CHAPTER 7TH. 
How the Sun was made and what took place afterwards. 


In the thirteenth year of this second cycle of thirteen, which is in the 
twenty-sixth year after the deluge, we have seen how the gods agreed to 
make the sun, and how they made war in order to give it something to 
eat, Quicaleoatl wanted to make his son the sun, of whom he was the father 
but who had no mother, and at the same time talocatecli, the god of water, 
made to himself a son by Chalchiutli,* his wife, which is the moon, 
eating nothing until (here there is a lacuna in the original), and they 
drew blood from their ears, and with this they fasted, and they drew blood 
from their ears, and their body in their prayers and sacrifices ; and this being 
done Quicaleoatl took his son and heated him red hot in a great fire, from 
whence he issued asasun to illumine the earth ; and after the fire died out, 
Talocatecli,™ came and threw his own son in the cinders from whence he 
issued forth as the moon, for which reason he appears ashy colored and 
obscure. In the last year of this thirteen, the sun began to give his light, 
for before that time it had always been night, and the moon began to run 
after the sun, and never to catch up with him, and they traversed the air 
perpetually without ever arriving at the heavens. 


CHAPTER 8TH. 
Of what happened after the Sun and Moon were made. 


One year after the sun was made, which was the first of the third thirteen 
after the deluge, Camasale, one of the four gods, went to the eighth heaven, 
and created four men and one woman for a daughter, so that they should go 
to war, that there should be hearts for the sun and blood forit to drink ; and 
being made they fe)l into the water, and then returned to heaven, and as 
they fell and there ensued no war, the next year, which was the second of 
the third thirteen,the same Camasale, or as he is sometimes called Mizcoatl, 
took a rod and struck with it on a rock from which sallied forth forty CAi- 


*See Note 12. 





1883. ] 623 (Phillips. 


chimecas,” and this they say was the beginning of the Chichimecas, which 
we call Otomis, which in the language of Spain signifies mountaineers, and 
these, as we shall narrate hereafter, were the inhabitants of this country be- 
fore the Mexicans came to conquer, and to dwell there ; and in the eleven 
years following of this third thirteen, Camasale” did penance, taking the 
thorns of the maguéy and drawing blood from his tongue and ears, and for 
this reason it isthe custom to draw blood from such places with the thorns 
whenever they supplicate the gods. He did this penance so that his 
four sons and duughter that he had created in the eighth heaven 
should descend and slay the Chichimecas, so that the sun should have 
hearts to eat; and in the eleventh year of the third thirteenth, down came 
the four sons and the daughter, and placed themselves in some trees 
whence they fed eagles; and now it was that the Camasale invented the 
wine of the maguéy and other kinds of wines in which the Chichimecas 
busied themselves, and knew nothing better than drunkenness ; and being 
in the trees the sons of Camasale, they were seen by the Chichimecas, who 
went to them, so they descended from the trees, and slew all the Chichi- 
mecas, only three escaping ; one was called Ximbel, another Mimichil, and 
the third was the Camasale, the god who had created them, and who 
transformed himself into a Chichimeca. In the eighth year of the fourth 
thirteen after the deluge there was a great noise in the heaven from 
whence there fell a deer with two heads, and Camasale caused it 
to be caught, and ordered the men who then inhabited Cuitlalavacu, 
three leagues distant from Mexico, that they should capture that deer and 
regard it asa god, and they did so, and they gave it for four years to eat 
of rabbits and vipers and butterflies ; and in the eighth year of the fourth 
thirteen Camasale had a war with some of his adjoining neighbors, and 
in order to conquer them he took the aforesaid stag and carrying it to them 
overcame them; and in the second year of the fifth thirteen did this 
same god Camasale celebrate a festival in heaven, making many fires ; and 
until there was completed the fifth thirteen after the deluge did Camasale 
keep on continuously making war, and with it he gave nutriment to the 
sun. 

They say, and the paintings likewise show it, that in the first year of 
the sixth thirteen the Chichimecas waged war against Camasale, and took 
away his deer, through which he was enabled to be victorious ; and the 
reason why he lost it was that while wandering about the field he fell in 
witha female relation of Tezcatlipuca, a descendant of the five women whom 
he had made at the time when he created the 400 men which latter died, 
but the females remained alive, and this one was descended from them, 
and bore a son who was known as Ceacalt ;** and in this thirteen they rep- 
resent that afterwards when (eacalt (sic) was a youth he did seven years of 
penance, wandering alone through the mountains, and drawing blood 
from himself that the gods might make him a mighty warrior. And in the 
sixth thirteen after the deluge began, this Qeacalt to wage war, and he was 
the first lord of Tula whose inhabitants chose him for their chief on ac- 
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count of his valor. This Qeacalt lived until the second year of the ninth 
thirteen, being lord of Zula, and four years before that time he built a very 
large temple in 7ula, and when he had done it there came to bim Tezcatli- 
puca, who told him, that towards Honduras, in a place which is now 
called Tlapalla, there was a house built for him, and that there he should 
betake himself and breathe his last, for that he must go away from Tula,” 
in which town (Geacalt was reverenced as a god ; to what Zezcatlipuca 
said to him, he replied that the heavens and the stars had told him that 
it was his fate to leave there within four years And so when these four 
years were completed, he departed and took with him all the Maceguales of 
Tula, and left them at the city of Chulula, whence are descended all its 
inhabitants, and others he left in the province of Cuzcatan, whence de- 
scends the present population of that place, and in the very same manner 
he left behind him in Qsmpoal others who settled there, and he proceeded 
on his journey till he reached Tlapala (sic), and on the very day in which 
he arrived there he fell ill, and on the day following he died. Then Tula 
remained depopulated, and without a lord aine years. 


CHAPTER 9TH. 


Of the beginning and coming of the Mexicans to this New Spain. 


It is said that after the completion of ten thirteens after the deluge, which 
are 130 years, the Mexicans were settled in a community named Azcla to 
the west of the New Spain slightly trending toward the North, which was 
very much populated, and in whose centre stood a mountain whence issued 
a fountain which became a river, like Chapultepeque™ is in Mexico, and on 
the other side of this river was another settlement, and a very large one, 
named Culuacan >» and since their computation begins with the first year 
of their emigration, so from now on for the future we shall reckon time 
starting from the year in which this Mexican agreed to sally out to find 
new lands that they might conquer, and for that reason they chose 
three war chiefs or captains, one they named Xingi, another TZec- 
paci, and the third Coantlique, and with these three started off many 
Mexicans (the paintings do not set out their number), and they carried 
with them the figure and manner of constructing their temples, so as to be 
able to erect them to Vehilobi wherever he should come. So they took 
their adieu of the temple they had in Azcla,” and began their journey, 
fur which reason the painting representing their expedition, makes its be- 
ginning with the temple. 


CHapTer 10TH. 
How they Departed, the People of Culuacan, and what Peoples went with 
them, and how they were named. 


As has been already narrated on the eastern side of the river they represent 
the City of Culuacan, a very large city with many populous places around 
it filled with people, on the account of which the inhabitants determined 
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to seek a country to settle in, and being united they took for captain and 
war-chief one named Yurqualtlatlangui, and they took the names of the 
old towns and places they had left, and gave them to new ones in the 
country to which they immigrated. It is said that the following people 
went with them, and each one took its own god which it worshiped, and 
the manner of its own temple, for in each one the service was different, 
and no one was identical with another, for which reason they are painted 
dissimilar; and so there went forth with them those of Culuacan, which 
was the principal city, and was placed in the new settlement distant two 
leagues from the one whence they populated it as they came, of which 
more will be said in the hereafter. They took their gods, named (Qinteul, 
son of Pincetecli, Suchimulco™ went with them, taking his god named Que- 
lazcli, who was the stag of Mizcoati™ as has been told; Atitlalabaca, 
went forth with his god Amimicli, which was a rod of Mixcoatl whom they 
reverenced as a god, and carried that rod in memory of him; Mizquique, 
went forth with Qui¢rcoatl as his god; Chaleo® went forth with Tezcatli- 
puca napatecli for his god. The people went forth of Tacuba, and Culu- 
can and Ascapuzaleo, which was called Tenpanecas,* and these took as their 
god Ocotecli, which is fire, and for this reason they are accustomed to con- 
sume in the fire all whom they capture in war. These people, say the Mexi- 
cans, and no more sallied forth, although those of Tuzcuco™", and Tascala 
and Guejogingo boast and vaunt themselves that they too came when the 
others came from Mexico, and are also of that land. All these people with 
their gods set out in this first year, which was tecpalt, and there went 
forth of them forty bands. 


CHAPTER 11TH. 


Of the Road they journeyed and of the Places they went, and of the Time 
they tarried in each Place where they were. 


All having departed they came to two lofty mountains, in whose midst 
they encamped and remained there two years, and as the days are not 
painted that they occupied in reaching this spot, nothing appears more 
clearly than that up to the time of their resting in these sierras they 
reckon one year, and two years they spent there sowing what they had to 
eat and carry off with them, and here they erected their first temple to 
Vehilobo, according as they had done in that city. 

These two mountains stood opposite each other, and their habitation was 
in their middle. 

After three years had passed since their departure from Astla (sic), from 
when the Mexicans came forth, as has been told, they left the place or site 
of the two hills where they had remained two years, after having built a 
temple to Uchilogos (sic), as has been said, and came to a valley where 
there were many great trees, which they named Quausticaca,® on ac- 
count of the many pine trees that were there, and there they stayed a 
year, which completed the four years since they had left their homes. 
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Thence they traveled onward till they came to a place which they named 
Chicomuztoque,™ and they settled there and remained nine years, and 
so here they completed the thirteen years from the time of their departure, 
and when they left there they laid the place waste ; and there was born 
in this place, Tlacuaguin, and Mangamoyagual and Minaqueciguatle, who 
were the two males, and one woman, their chief personages, and here 
was accomplished the thirteenth year of their exodus, and they began 
to reckon the second thirteen. 

When they had departed from Chicomuztoque (sic), they came to a plain, 
which is the spot where at the time dwelt the Chichimecas, whose home 
was in front of Panuco, and here they remained three years, and to this 
valley they gave the name of Cuatlicamat. At the end of the three years 
they went forth and came to a ranche which they called Matlauacala, 
where they dwelt three years, and erected a temple to Vehilogos, thence 
they came to another ranche, named by them near the one where the 
Otomies lived, the indigines of the land ; and here they rested five years, 
and erected another temple to Vehilogos, and here was fulfilled eleven 
years of the second thirteen since their departure. 


From this sojourning place they came to a mountain opposite 7'u/a named 
Coatebeque,” and when they came the Mugeguales held in great veneration 
the mantas of the five women whom Tezcatlipuca made, and who died the 
day the sun was created, as has been said, and from these mantas the afore- 
said five women came again to life, and wandered in this mountain, doing 
penance, drawing blood from their tongues and ears; and when four 
years of their penance had passed by, one named Quatlique“ who was a 
virgin, took a small quantity of white feathers and placed them in her 
bosom, from which she conceived without having known man, and there 
was born of her Vehilogos, for a new birth, in addition to his other nativi- 
ties, for he was a god all-powerful, and could do whatever he wished. 

And here came again to life the 400 men whom Tezcatlipuca created, and 
who died before the sun was made, and when they saw the woman was 
pregnant, they sought to burn her, but Vehilogos was born of her fully 
armed, and slew the whole of the 400 men ; and this the feast of his na- 
tivity and the slaughter of the 400 men they celebrate every year, as will 
be narrated in the chapter relating to their festivals ; and before the feast 
there is a great general fast who shall participate, lasting eighty days, 
during which they only eat once a day ; and these 400 men whom Vehilo- 
gos slew, the inhabitants of the province of Cuzco” burnt up and took for 
their gods, and reverence them as such down to the present day, and in 
this way they celebrated for the first time the festival of the birth of Vehilo- 
gos and the massacre of the 400 men by him. 

When thirty-three years had elapsed since their departure from their 
home, they went forth from Coatebeque and came to Chimaleoque, where 
they remained three years; thence they came to Hnsicoz, where they 
dwelt another three years, and built a temple and placed the mast of 
Vehilobos (sic) ; and after the thirty-ninth year from their departure they 
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drew out the mast of Vchilobos (sic), and gave it to Vingualti, to 
carry it with the greatest veneration on their journey, and they came 
to Tlemaco, which is near to Tula, and raised a temple to Vehilogos (sic), 
and remained there twelve years, and these twelve years being passed, 
they departed thence and took up the mast of Vehilogos, and gave it to 
Cacigi to carry. And after all this had happened, they came to Tlitlala- 
quia, a well known town, and it was on the borders of Zula, where they 
rested two years and built a temple to Vehilogos ; and after these two 
years the Mexicans came to the town of Tia itself, which in these days 
was peopled with its aborigines, who were the Chichimecas, and when 
they came to the said town they erected a temple to Vchilogos, and 
placed before it the candelabras that are now in use, in which they 
placed cepal and other savory things; and as soon as the Mexicans 
had come Vehilogos appeared to the inhabitants of the country in a 
black form, and they heard Vehilogos wailing beneath the earth, and 
they asked wherefore the god of the Mexicans was weeping below the 
ground, and the answer because every inhabitant of Zula was doomed to 
death. Four years later, an old woman, a native of Zula, went about 
giving out flags of paper fastened to rods, and making it manifest to them 
that they should get ready to die, because their time had come ; and pres- 
ently they all cast themselves upon the stone on which the Mexicans were 
wont to offer up their sacrifices, and the one of them who took charge of 
the temple which was in Tula, by name Teguipuyul, who was a stranger 
and a vagabond without employ, and whom they believed to be the devil, 
slew them all; and before the Mexicans erected their temple, that stone 
was a temple to the inhab‘tants of Tuia ; and so were put to death all the 
inhabitants of Tula, so that not one remained alive, and the Mexicans 
were lords of Tula: 

Departing afterwards from Tula they came to the place where now 
stands the town of Atvtoniltengo, where they remained one year, and 
thencethey came tothe town of Tecuzquiciac where they rested four years ; 
thence they came to the town of Apazco, and from Pazco (sic) to Zumpango, 
where they stayed three years, and as they arrived near the town of Qum- 
pango (sic), they encountered one sole Chichimeca, named T'lavizcal Poton- 
gut, who went out to meet the Mexicans, as he saw them coming ; and they 
sacrificed to Vehilogos, god of the Mexicans another Chichemeca, whom they 
had made prisoner in battle, and they placed his head upon a pole tor 
which reason this town is called Zumpango, which signifies a pole that 
transfixes human heads. Thence after four years they departed and came 
to Tlilac, where they tarried seven years, and leaving there, as they were 
on their road to Clautitlan, they lost one of their women who had been 
captured by the Chichimecas, and taken to Michuacan, and from her were 
born all the dwellers in Michuacan, who before that time were all Chichi- 
mecas, and they pursued their road to Quatitlan, where they were one 
year. Thence they proceeded and come to Heatebeque, where they stayed 
one year, and when they left Cutebeque (sic), they reached Nepopoaleo, 
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which signifies a narrow passage where a shepherd can count his 
flocks for here they took the number of those who came; and no 
one knows how many there were of them, nor is there any memorial of 
the number in their paintings. Here they built a house to Cipan and to 
Xincaque, who were those who tock the census of the people as they came, 
and from here went forth three Mexicans, one named Navailci, another 
Tenagi, and the third Chiautotolt ; and these three went forth to settle Mari- 
naleo, a town that exists at this day ; and being there the Mexicans built 
a temple to Vehilogos at (Vimalpal, two leagues from the City of Mexico, 
and then the Mexicans gave the name of Tlutlatevique to a mountain near 
Chimalpa, and thence they came to another mountain named Quatitlan 
which is two leagues from Mexico, where they rested four years, and 
thence they came to a mountain named Visachichitlan, where at 
the present the inhabitants of the suburb of Santiago live, thence they 
came to the mountain called Teubulco, thence to Tenayucan, and here a 
leading Mexican died, Tepayuca or Tehayuco, which was his name, and 
they found a Chichimeca in this place for their ruler named TJ logi ; here 
they raised a temple to Vehilogos, and sacrificed a woman and made a 
grand festival, taking her there highly ornamented, as was their custom 
when they offered up a woman-sacrifice. Having made the feast to Vehi- 
logos, they departed and came to a mountain named Teperaquilla where 
they settled for nine years ; and when the nine years were passed, they 
descended from this mountain, and dwelt near a lofty rock which issues 
warm water, now known as Zi Pefolcillo, which divides the suburbs of 
Mexico and Santiago, and all was barren up to the said rock, and there 
flowed the stream of Chapultepeque, and they made a certain enclosed 
place of chalk and stone to keep these waters, and they dwelt by them for 
four years ; thence they came to Chapultepeque, where they gave a direc- 
tion to the stream, and placed behind it many rods with pennons such as 
the old woman gave to the people of Tula, when they wished to sacrifice 
themselves, for which see what has been already narrated; then the 
Mexicans ceased being in Chapultepeque, and went forward and came to 
Tlachetongo, which is now San Ldzaro, near to Tianguez of the Mexi- 
cans, and thence they proceeded to the suburb called Agualcomac, which 
is nigh to the said Tianguez, and thence to Vetetlan, and thence to [zocan, 
which is the road of Cuyacan, and thence they came to Tenculuacan, 
where at the present they make salt, and thence to a mountain named 7e- 
petocan, which is near to Cuyoacan (sic), and thence to Vehilobusco, dis- 
tant two short leagues from Mexico, named Ciavuhilat in the Chichimeca 
tongue, because it was peopled by them, and in their religion they wor- 
ship Vbuchilté, who was the god of water ; and this god of water met* the 
Indian who carried the mast and plumes of Vchilogos, and as he did 
so he gave him certain arms which are those with which they slay the 
water fowl, and a dart; and because Vchilogos was left-handed as well 


* Topé means, first, to meet; second, to strike. It may be that it should read 
“ touched,” 
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as was the god of water, they said that it must be his son, and the 
four were close friends, and they changed the name of the town where 
they had met with him, which was formerly called Vichilat, so that for 
the future it was known as Vehilobusco. 


CHAPTER 


From thence they came to Culuacan, where they found for ruler Achi- 
tometl, and then they passed onwards to the mountain named Visa- 
chitla, which stands near Zstapalapa, and from there they came to Quesu- 
male, where they dwelt three years ; and thence they went to Capulco, and 
made a detour to Tacuxcaleo, which is the road of Talmanalco, where they 
built a temple to Vehilogos, and all the Mexicans assembled togetherat this 
place, Tacuzcalco, Xintega and Caleyand Zscualt, being their war-chiefs, and 
they spoke to all the people ; and because the Chichimecas, the aborigines 
of this land would not join themselves against them, but divided them- 
selves off into many places, and in order not to be recognized altered their 
fashion of wearing the hair, so it was all done ; because as they said VeAi- 
logos had commanded them to act in this manner, and every one of those 
who went away, carried off his weapons, and those who remained took 
the plumes and deer skin of Micoati, and his darts for arms, and the 
sack into which he was in the habit of throwing wild figs, because in 
those days people ate nothing else; then they kept on still farther 
to adjoining places in the neighborhood, and the war-chiefs addressed 
the people, telling them that four years they had to be dispersed, hidden 
and at the end of the said time they should all be reunited at Cacaguipa ; 
and when the four years were passed they came together and returned to 
the mountain and bridge® of Chapultepeque, and there they captured 
Copil, the son of the woman whom the Chichimecas had taken prisoner, 
whence descen@s the people of Mechuacan, and they offered him up as a sac- 
rifice, tearing out his heart towards the sun, and they remained dwelling 
in Chapultepeque fifteen years. 


CHAPTER 


Whilst they remained in Chapultepeque they had three war-chiefs,“ 
one named Clautligucci, son of the chief who brought them, and 
was known by the same name, as lms been told, and Acipa, son 
of CVipayiavichiliutl, son of Tlauizcal Potongui, and they chose this 
latter as their ruler to rule over them, and he governed them all the 
fifteen years they were in Chapultepeque. This Vichiliuti (sic), had two 
daughters, one named TJuzcasuch, and the other Chimalasuch ; and, as 
we have already narrated, there was sacrificed in Chapultepeque, a son of 
the woman whom the Chichemecas took to carry ofi to Mechuacan, whence 
are descended those of Mechuacan, so they say that in this place also the 
aforesaid son of the said woman came to Mechbuacan to see two Mexicans,” 
and when they wanted to sacrifice him, he said that he was not to be sac- 
rificed except in Merhuacan, where his mother was, so over that they had 
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a fight by command of Vichiliutl and Quatliqueci, and conquering him 
offered him up for sacrifice, and buried his heart in a place called Temestt- 
tan, which was a City of Mexico, afterward founded in this place, and the 
head they interred in Tluchitongo. 


CHAPTER 


These nine years being passed, they rested likewise twenty-five years 
additional in peace and quiet, Vichiliutl governing them, and they built 
on the hill of Chapultepeque a grand temple to Vehilogos ; and while they 
were here, the Mexican aborigines, who were all Chichimecas, joined them- 
selves together and assaulted them, and sat down their camp to besiege 
them near to the southward of Chapultepeque, and when night came 
on they fell upon the Mexicans and slew them, so that but few 
escaped by flight and took refuge among the canebrakes and recesses of 
the lagoon which was near by ; and they burnt the temple which had 
been built, and the people of Caltoca captured the two daughters of Vehi- 
liutl, and carried them away captive ; and also was Vehiliutl taken priso- 
ner, and the men of Culwacan slew him after he was captured ; and those 
who fled and escaped were hidden for eighty days in the canebrakes, and 
ate nothing but herbs and vipers, and they bore with them Vchilogos 
being (here occurs apparently a lacuna in the MS.). 


CHAPTER 


We have told how the heart of Copil, the son of the woman who went 
to Mechuacan* was interred at Tinustitan, and the reason why was that one 
day when Coautliquezci was standing beneath a hut built of branches 
there appeared before him Vehilogos, and ordered him to bury the heart in 
that place, for in that place was to be his home, and he went there for 
that reason, and was buried there. 


CHAPTER 


When all the aforesaid had taken place, the Mexicans who had been in 
hiding among the canebrakes and herbage were driven out by the great 
hunger they felt, and came to Culwacan to seek for food ; and they told the 
people of that place when they reached there that they had come to serve 
them, that they should not slay them, and they prayed to Vehilogos, for 
him to give his orders that they should not be put to death ; and they gave 
to the men of Culuacan the plume and the staft of Vehilogos, and re- 
mained in their service. In these days Achitomel was lord of Culuacan, 
and Chalchiutlatonac the chieftain, and they had a very fine temple in 
which the people of Culuacan celebrated a feast to Q:guacoatl,“ the wife 
of the god of the infernal regions, whom the people of Culwacan reverenced 
as their especial god. 

CHAPTER 

For the space of twenty-five years the Mexicans remained under the 
dominion of the people of Culuacan during which time the people of Cul- 

* Mechoacan, E] tierra de pescado (Garcia, v, 325). 
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: 
wacan waged warfare against the people .of Suchimilco, and in order 
to prove if the Mexicans were really warriors, they ordered them to 
go with them to help them; and the Mexicans thinking they were 
regarded as women, sent ten Mexicans, and no more, with them to the 
war, and the remainder stayed in their houses, which they possessed in 77- 
capan", at that timea domain of Culuacan, and they gave orders to the ten 
men who went, that they should not slay any of the Suchimilcans, but 
that they should make them captives and cut off their ears; and the ten 
Mexicans did as they were directed so well, that they made prisoners of 
eighty of Suchimilecans, and from whoin they cut off the ears, and from 
this the men of Culwacan recognized that the Mexicans were men of war. 


CHAPTER 


At the end of the aforesaid twenty-five years the Mexicans left a temple 
which they had built to Vehilogos in Culwacan, and erected another very 
large one at 7ic¢apaa", and when the Culuacans saw so grand a temple they 
asked the Mexicans what they were going to have in that temple, and 
what they should place in it; to which they were answered hearts, and 
when the Culuacans heard this reply, they threw straw and filthy things 
into the temple, mocking at the Mexicans. Then the Mexicans*’* who was 
called Avengi, and sacrificed her to Vehilogos smeared blood on the walls 
with one of her legs ; and when the Culuacans saw this sacrifice they were 
astounded, and arose against the Mexicans, and they all ran near to Cat- 
itlan, a river which flows close to Culwacan, and kept on flying all the way 
to Nextiquipaque in which place at this day there are ten households that 
are subject to Mexico, and Coxcogi, chief of Culuacan, looked favorably 
upon the Mexicans, and because they had risen against the Mexicans, he 
Slew many Culuacans. 


CHAPTER 


When all the aforesaid twenty-five years already written about had 
elapsed, there began the first year in which they commenced to enter into 
the bounds of TJenustitlan, Mexico, and to populate it, and they came to 
Istacalco, which is a country near Mexico, and thence they went to 
Mizuacan, where a woman bore a child to which they gave this 
name, which signifies the fertile, and from there they settled in a 
suburb named Zemazcaltitlan which signifies the suburb of the bath, 
and is in these days the district and suburb of St. Peter and St. Paul, 
and. in the place it said that some Mexicans who carried Vehilogos went 
astray, murmured against him, and Vehilogos told them in their dreams that 
things must be as they had been, but that they were near to the place 
where they were to take their final rest and home, and that those who had 
murmured against him had sinned like men of two faces and two tongues ; 
and in order that they should obtain pardon, they made themselves 
a head with two faces and two tongues, and having made the head of it 
of the grains that they ate, they shot arrows at it, and covering up their 
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eyes, those who had shot at the figure, sought to find it, and finding it 
they ate it up, dividing it up among them all ; and so it was performed, 
and they all came together and settled in Tatilulco, which was a small 
island, and is now known as the suburb of Santiago. In this first year in 
which the Mexicans came to the aforesaid place, Vehilogos appeared to one 
of them named Tiunche, and told him that his home was to be in this 
spot, and that the Mexicans would not have to wander any farther, and he 
should tell them that when it was morning they should go seek a man of 
Culuacan, because he had abused them, and take him and sacrifice him, and 
give him to the sun to eat. So Xomemitleuts went forth and found a man 
of Culuacan named Chichilquautli, and sacrificed him to the sun on going 
out; and they named this place Quanmiztlitian,” which afterwards was 
called Tenustitan, because they found there a wild fig tree grown on a 
stone, and the roots thereof grew forth out of the place where lay buried 
the heart of Copil as has been already narrated. 


CHAPTER 


In the second year of the settlement of Mexico the Mexicans began to lay 
the foundations of the large and important temple of Vehilogos, which 
kept on increasing at a great rate, for every ruler of the dwellers in 
Mexico who succeeded another in power added to it a building equally as 
large as the original one which the first inhabitants had erected there ; and 
this the Spaniards found very tall and strong and broad, and it was much 
to look at. 

In these days the Mexicans had for their ruler Jilancueitl, a woman of 
importance who had power over them ; and she was the wife of Acama- 
pichi,” a native of Culwacan, and she was of Coatlizan, and although of 
Culuacan, descended from the Mexicans, for her mother married there one 
of the chief men of Culuacan, and the mother was a Mexican; and her 
husband, at the suggestion of his wife, came to Mexico, and she told them 
that as he was of the best family and they had no lord, they should take 
‘him for their ruler, and so he was the first ruler, and his wife died in 
twenty-fourth year after the foundation of Mexico ; and after her death 
they chose him for lord because in her life he was only looked 
upon as the chief man ;” three years before this, which was reck- 
oned as twenty-one years from the foundation of Mexico, the Mexicans 
made war upon the people of Culuacan, and burnt their temple. In the 
next year, the twenty second from the foundation of the city, the Culua- 
cans took notice of the great progress the Mexicans had made in those 
twenty-two previous years, and were smitten with fear, and placed their 
gods in a canoe with which they went to Suchimiico ; and when they had 
reached the town of (Quantlecaxtan, the sun shone forth with so much 
brilliancy that his rays struck them blind, and so they could not see until 
they had come close to Mexico ; and when they had recovered their sight 
they placed their gods in Mexico, and built for them a small temple a 
short distance further on than the place where now stand the shambles. 
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In the twenty-eighth year from the foundation of the city in which the 
fifty-two years were fulfilled, there was held a great public festival in 
which all light was extinguished throughout the land, and when it was 
all extinct they would draw fire anew from the mountain of Hstapalapa. 
This festival took place from every fifty-two to fifty-two years, so that the 
year that completed the four times thirteen years was the fifty-second one. 

At the thirty-first year from the foundation of the city fire first began 
to issue forth from the volcano, and in the forty-seventh the Mexicans 
conquered Jenayuca, and burnt its temple, which was of straw, and the 
people of Tenayuca were Chichimecas, 

In the fifty-second year of the foundation of the city the people of Tati- 
lulco petitioned for aruler Tecuzomutli, the lord of Escapucalco, and he gave 
them for their master Teutleuac, whose rule did not endure forty days, for 
he bore too hardly upon their braves, and they helped him in no manner. 
Tecucumutli, who was a Mexican, was chosen for their lord by those of Zs- 
capuc¢alco, as one of the two which it was their custom to have, and they 
have always had that number, and have to this day. 

Quaquanpuanaque was the secord ruler of the Tatilulcans whom the 
lord of Hecapucalco gave them ; his reign lasted fifty days, at the end of 
which time they fled away from him; he is represented with claws on his 
feet. In the fifty-third year of the foundation, Acamapichi was made 
ruler of Mexico. In the fifty-sixth year the Mexicans made war upon the 
Suchimilcans, and burnt their temple; and in the year 59 Acamapichi 
conquered Mezquiqué. In the year 63 from the foundation of the city there 
went forth from Mexico forty men and women by Guazimalpan, and the 
Otomis of Matalcingo found them, and slew them by treachery in Cuttra- 
lavaca (sic). 

In the seventieth year from the foundation of the city Acamapichi con- 
quered Cuitralavaca, and burnt for them their temple. In the seventy- 
third year Lord Acamapichi died, and they made Vichilivci, the son 
of Acamapichi, their ruler. In the year 75 Miciucixiuci, the daughter of 
Escoaci, lord of Cuernavaca," wife of Vicilivgi, bore Mutiguma, the 
elder, who first was called Jluican Minagi, and afterward Mutiguma ; 
because his father was lord against the will of very many people, the 
son changed his name into Mutiguma, which signifies angry lord. In 
the year 79a sister of Viciliugi married with Jstlisuchilci, lord of Tezcuco, 
and bore Negavaleuyuct, who became lord of Tezcuco, In the year 81 the 
Mexicans conquered Quazimalpan from the Otomies. 

In the year 85 from the foundation of the city the Mexicans conquered 
Capiscla, and in the same year Quancimilco, in the province of Chalco, 
and in the next year they waged war against all the aforesaid peoples, and 
in that year they gave themselves up. In the ninetieth year from the 
foundation they conquered Tezquiague. In the ninety-second year the 
Mexicans sent out seven of their chieftains to ascertain if the peoples of 
Puchitlan were for war, and as they passed by Xaltocan three of them were 
treacherously made captive and murdered, and the other four escaped by 
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flight. In the next following year they conquered the province of Taz- 
cuco, and they began upon 7epepan, much against the wishes of its ruler, 
who, when he saw them, went away and fled to Zezmuluco, a town of 
Suyocingo ; the father (here occurs a lacuna) being dead, because they were 
at peace with the Mexicans. 

In the following year 94, Viciluicin died, and they took for their lord a 
brother of his named Chimalpupucaci. In the year 97 the people of Tuz- 
euco gave themselves up to Chimalpupucagi, and in the same year they 
captured Tulancingo, and the Mexicans were a whole year in making 
themselves masters of it. In the year 99 the people of Tatiluco fled 
to Tula, andas they had died out, and had left their god, named 
Tlacauepan there, so they took him and carried him to Tatiluleo. In 
the year 105 from the foundation of Mexico, Tecocumuc, lord of Esca- 
pucaleo, died, and as Maztlato, son of Vocumue was lord of Cuiua- 
can in the lifetime of his father, and as his father was now dead, he came 
to be lord of Heapugalco ; and this one gave orders that there should be a 
general uprising against Mexico, and when Ximalpupacagi saw that the 
land was in rebellion, he slew himself, and being dead the Mexicans chose 
as their lord one of his brothers named Jzcuagi ; and when Tlacateulti lord 
of Tatiluleoco saw the great force and command that the lord of Hscapu- 
¢aeco had, he fled away from him, but to no avail, for he was captured 
near the fountain of Saltoca, and there they slew them ; and it was because 
formerly, when he was lord of Zscapuc¢aico, the lord of Tatiluco seduced his 
wife, and for that reason the captive was ordered to be slain ; and in this 
year Necagualcuyuci fled from Zezcuco,* because the Tezcucans were in re- 
volt against Mexico. In the following year 106, the natives of the country 
endeavored to make war against Mexico, by order of the lord of Escapugal- 
co, but one of the chiefs of Zscapucalco, named Totolayo, made peace with 
Mexico in the year 108, and the inhabitants of Mexico would not permit of 
a peace unless they slew the lord of Hscapugaleo, and seeing how on ac- 
count of their desire for a peace they could do no other thing, they caused 
him to be slain, and so it was done (Jn the year 109 Tatilulco rose in re- 
volt), and in the year 112 they came into conflict with the Mexicans. In 
the next year, 113, Quautlatoaci, the lord of Tatiluco (sic), revolted against 
Mexico, and one night in his dreams there appeared to him one of the gods 
they worshiped who told him he had done wrongly, and for this reason he 
rendered himself up at Mexico, and the Mexicans were unwilling to slay 
him, so they handed him over to his own people that they might put him 
to death, and so they killed him. In the 117 the Mexicans gained Guau- 
titlan, and in the next year Jzcoaci died, and they raised to be their lord 
Muticuma, the elder. In the year 125 of the foundation of Mexico, Vchilo- 
bes (sic), renewed himself, and made himself enormous. 

In the 128 at the Easter.of-Bread season there fell such a terrible hail, 
and so much of it that the houses were destroyed and fell iu ruins, and the 
lagoon froze up. In the year 132 there was terrible hail and famine, so much 
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so that in the next year it was ordered that if one took but a thread of maize, 
even if the maize field belonged to him, he should die for the act. In the 
year 136 Motecuma the elder, having made a, round buckler (or disk*) of 
stone, the same which Rodrigo Gomez drew forth, caused it to be buried at 
the door of his house, and placed a hole in the middle of it, and it was a very 
big hole, and in that hollow they placed the captives taken in war, fas- 
tening them to it, so that they could command only their arms, and gave 
them a shield and a sword of wood, and they brought in three men dressed 
respectively as a lion, a tiger, and an eagle, and all these fought the prison- 
er, and wounded him; then they took a large knife and cut out his 
heart ; they made these knives out of stone, under this enormous large and 
round stone ; and afterwards the others who were lords of Mexico made 
two other stones and placed them, each lord his own, one over the other, 
and the one they took away”, and it stands to this day underneath the 
baptismal font ; and the other was broken up and burned when the Span- 
iards entered, and the very first persons who used this stone were the peo- 
ple of Cuaistravaca. 

In the year 139 Cruistravaca was taken, and much precious stones were 
brought to Mutecuma In the year 141 the Mexicans took Quetlasta. 
In the year 147 Motecuma (sic), died, and Avayacagin, his son, was raised 
to be lord. Inthe year 151 Mochiuei, the lord of Tutiluleo, surrendered him- 
self to Mexico, and in the next year the people of Quetlastla revolted on 
account of the annual tribute of twenty men, and they took refuge in a 
house filled with red pepper (agi), and consumed themselves with fire ; 
but soon in the year 153 they were subjugated. Next year Avayacaci made 
Citlaleoagi the lord of Malinalco, In the year 155 Azaycagi seized three 
men himself, and was wounded, and so he personally gained Mataleingo. 
The following year, 159, Axayacagi died, and they made his brother, Tiz¢o- 
ctcaci, lord of Mexico. 

The following year, 160, they endeavored to make Vchilobi very large, 
and almost all, even to the infants, set to work on him. Next year they 
held a festival in the temple of Vehilovi (sic), with the blood of the Matal- 
cingos and Tilaulans, for they slew many of them. In the year 164 Tizcoci- 
caci died, and his younger brother Awigogi was raised to be lord of Mexico. 
Next year Vehilovi (sic) was finished by Auigogi and he sacrificed many 
people on that occasion. In 176 the water rose so high in the lake, espe- 
cially the river of Cuiwacan, that all the houses were drowned, and the 
water came up to the first circle of Vchilobi, and the houses which were of 
aclobe fell in ; and it is said that the water that rose was black and full of 
vipers, and it was looked upon as a miracle. In 180 Awcogi (sic), died, and 
was succeeded by his brother Muteguma, who was the last lord. In 182 
Mutecuma built a temple to Quicalcoatla, where, at the present time, stands 
the house of the bishop, and covered the roof with straw. Next year the 
lightning fell on it, and consumed it, ’twas said that the bolt was sped by 
Tlaloque, the god of water. They built a very large temple to the honor 
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of (intelil, the son of Piciutetl. In the year 184 the inhabitants of Mexico 
slew many of those of (cola, whom they had captured in war; having 
stretched them out on two pieces of wood in the form of a St. Andrew’s 
cross, they shot them to death with arrows, and every year they celebrated 
this festival. In the 185th year from the foundation of Mexico, the fifty-two 
years were completed, and Mutecwma celebrated the festival for the last 
time. In the 189 there appeared an omen in the heavens, which arose from 
near the summit of the volcano and floated on high over the city, and it 
was of a white color as broad as two arms ; and Motecuma endeavored to 
discover what this thing might portend, and his wise men responded that 
it foretold his decease in that year, and it turned out that this was the very 
year in which the Christians appeared on their journey to this land. In the 
year 193 the Tuscalans™* laid siege to Guazocingo, and they were reduced 
to great straits through hunger, until Mutecuma brought them assistance, 
and took some of them to Mexico, and others of them he placed there for his 
defence ; and they prayed to Camastle, their god, and after that they had 
made an end of prayer, they rose in revolt so that the Mexicans let go 
their prisoners and returned tothe city ; and the people of Guazocingo slew 
the Mexican women who had intermarried with the men of Guazocingo, 
and all their sons, because they were of Mexican blood. 

In the year 196 in Guacacalco (sic), came two ships which were received 
at Vera Cruz de Paz, to spy on whom Mutecuma sent one of his people, 
and soon Mutecuma said that these were his gods; the ships remained at 
Guacacualeo (sic), and said they would return a year later ;** the day they 
arrived at Guacacalco was called centochil ; the port of Vera Cruz bore the 
name of Chalchuecan. In the year 197 came the Marquis to New Spain to 
whom Mutecuma sent an envoy to Vera Cruz with many shields and 
plumes, and a sun made of gold, and a star of silver; they made them- 
selves understood by the Indians by means of an interpreter named Marina.** 
Afterwards the Marquis came to Cempoal, where they received him with 
trumpets. Thence he proceeded to Zascala, where the warriors sallied 
forth to battle, and all who came forth were slain; and he being 
informed that the Tascalans desired to massacre the Uhululans, he 
joined with them in another place and slew them all. It is said 
that whilst the Marquis was in Chulula, he sent Alvarado to the prov- 
ince of Chaleo, who returned with the information that the land and 
the people were both bad, and that he should turn back ; on which 7a- 
maya, the lord of (empoal said that he had better march to Mexico, where 
Mutecuma lived very richly, and that everything he owned was made of 
gold, and that he styled himself lord. The Marquis was forty days in Chu- 
lula. Then there came on the behalf of Mutecuma, Viznagual, the father 
of Tapia, who was with the Marquis, to tell him by the orders of Mute- 
cuma, that he would give him much gold and silver if he would turn 
home again ; him the Marquis caused to be seized which caused great fear 
to Mutecuma. (In this year 198 was held the festival of Vehilobdi), and 
Muteguma died from the effect of a blow with a stone thrown by one of his 
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own subjects, who would not listen to him, but used opprobrious language 
to him; and they put in their Vehilobi beams, and the bravest soldiers 
whom the Spaniards were unable to rescue when they left the city, and 
who were all put to death. One night the Marquis left the city and went 
to Tascula, where he was received by its lord, Xicotenga. 

On the death of Muteguma, the Mexicans chose for their lord Cuitlavagi, 
lord of Hstapalapa, a brother of Muteguma, he ruled eighty days, the 
smallpox® broke out throughout all the Indians, and many perished be- 
fore they returned to subjugate the city. 

The Marquis came to Tezeuco having conquered all the land in its vicinity, 
and the people of Chalco made war on it ; while he was in Tezcuco, Guate- 
muca, son of Vigo¢gi, was chosen lord, and he made war on Chalco, and 
without cause he slew six of their chiefs (in the year 199). It took the Mar- 
quis eighty days to conquer his way to Mexico. The Marquis made Jstisuchl 
lord of Mexico, who in the year 200 died, lord of Tezcuco, and Juan Velas- 
quez, deposed him, and reigned eighty days. Guatemuct was made lord of 
Jatiluleo (year 201), and presently sent to all the surrounding people to 
call them to a war against Mexico; and these people came at once and in- 
formed Juan Velasquez of the matter, and he said it made no odds to him, 
for he was not its lord. The Marquis left new Spain in peace and went to 
Honduras (called in Indian Guaimula), and left his subordinate deputy, 
Peralmildez, as Captain-General, and returned to Castile. Don Martin, son 
of Mutecuma (year 202), and the deputy who were named in place of the 
Marquis, made requisitions on the Mexicans for gold and silver, and they 
put to the torture one Rodrigo De Paez, because he would not tell where 
the Marquis kept his gold and valuables, and finally as he would not give 
them the information, they hung him (year 203) ; when the Marquis re- 
turned, he seized the factor and overseer, but did not punish them as they 
had deserved, but sent them back to Spain (year 204). The Marquis 
made Zapia, Governor of Mexico, his Deputy, and in this year 295, Nuno 
de Guzman came to Panuco. The Marquis departed for Castile. In the 
year 206 there were rains of bloody drops, and it was the Sabbath about 
two o’clock, and everybody saw them, and in this year there appeared an 
omen in the sky of a white color, and shaped like.a lance. In the year 207 
Nuiio de Guzman \eft for Neuva Galicia, and the four councillors of Cas- 
tile came, Salmeron, Maldonado, Guinos and Quiroga ;** they made Don 
Pablo, Governor. 

[Nore sy H. P., Jr.—Here follows what should have been a chapter by 
itself, being entirely disconnected from the subject already treated of. The 
historical part has come to an end, and this seems like an addition by another 
hand, being somewhat of a repetition of matters previously touched upon. } 

They calculate their year from the March equinox, when the sun casts a 
direct shadow, and as soon as they can notice that the sun is beginning to 
rise” they count it as the first day, and from the twenty to twenty days, 
which make their months ; they reckon their year, with five days omitted, 
so their year only comprises 360 days; and from the day which was the 
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equinox they reckon the day of their feasts, and so the feast of bread, 
which was the day of the nativity of Vehilobi from the vlume, was the 
day when the sun was in declination, and so as to the other festivals. 

The Mexican Indians believed that in the first heaven there was a star, 
Vitalmene,*® which was a woman, and Jetal Latorras (sic), who was a male, 
whom Tenacatecli (sic) made for guardians of the skies, and the woman 
never is seen because she is on the road that the heavens make. 

In the second (heaven) they say there are certain women who have no 
flesh whatever, but are all bones, named 7¢cavcigua,™ and otherwise called 
Vicimine ; and that these are placed there so that when the world comes 
to end, their duty will be to eat up all the men. 

And when the old people are asked when the end of the world shall 
come, they say they don’t know unless it is when the gods themselves 
shall all become extinct, and 7lazquitlepuca (sic) shall carry away the sun, 
and then all things shall pass away. 

In the third (Aeaven) are the 400 men whom Tezcatlapuca (sic) created, 
and who were of five colors, yellow, black, white, blue and red, so these 
kept ward in the heavens.” F 

In the fourth were all manner of birds who from thence descended to 
the earth. 

In the fifth were vipers of fire, whom the Fire-god had made, and from 
them issue the comets and omens of the heavens. 

In the sixth were all the winds. 

The seventh was full of dust which thence came down on earth. 

In the eighth all the gods came together, and from there no one could 
ever ascend higher, to where dwelled Tenacatli (sic) and his wife ; and no 
one knows what is in the rest of the upper heavens. 

Being questioned as to the sun’s whereabouts, they replied that he 
dwelt in the air, and traveled in daytime and not at night, because he 
returned to the east when he had reached the summit at midday, and that 
his light then was that which already shone forth towards his setting- 
place ; and that the moon is always traveling after the sun, and never 
catches up with him. 

Being questioned as te the matter of thunder and lightning, they said 
that the Water-god had many subjects made by him, who carried each one 
an earthen money-jug™ and a rod, and that from these earthen vessels 
they cast down the rain, and that the thunder was when they struck the 
vessels with their rods, and that the lightning flashed from these vessels. 

The people of Culuacan say that they came, conjointly with the Mexi- 
cans, to Tula, and there they split and went direct to Culuwacan, and 
thence to Suchimileo and Malinalco and Ocuyla. These four towns they 
settled and on the way peopled Cuitralavaca, and so 120 years passed 
away, and afterwards the Mexicans came and arrived at Chapultepec, as 
has been said, and waged war on the people of Culuacan. 

In the histories of Mexico, represented by Indian paintings, are shown 
many naked Indians, at whose beginning are some clothed in plants, 
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thereby meaning to convey that when they fled to Mexico they were 
dressed in that manner, and that they subsisted on what they could obtain 
by fishing, and that they had to undergo great hardships ; and they paint 
no more valiant warriors. And these were forty years without a lord. 
The first lord of the Mexicans was named Acamapichil, who lived twenty 
years. In this time it happened that two women misbehaved,” the one 
with the other, and they stoned them to death close to Hscapueuleo, which 
is called Teculuapa ; before this judicial act was performed, the lord of 
Escapucalco reported it to him of Guatlinchan, and the two reported it to 
the lord of Mexico, and all of them ordered it to be done. And likewise 
came to pass that Xitlot Jztac, daughter of Anil Miztli, was married to the 
brother of the lord of Ascapucalco (sic), and when he died his brother, the 
lord of Ascapucalco, took her for his wife ; and she went off to Suchimilco, 
and did wickedness with Ananacalt, and when it became known to the 
three lords, they took them and stoned them to death. They say it was 
the custom that a brother’s widow could not lawfully remarry except 
with a surviving brother, and ifshe married any one else she forfeited her 
lands and all her possessions. The first lord of Ascapucalco was named 
Tecocomucli. 

At this very same time it came to pass that two lads stole the grains of 
maize that had been sowed in the earth, and they were taken and sold 
for slaves, and the price paid for each one was five mantas. 

And in these days it happened that a woman stole certain maize from a 
granary, and a man saw her and told her that if she would let him lie 
with her he would not inform on her, and she did so; but afterwards the 
man accused her of the deed, and the woman confessed all that had taken 
place, whereupon she was acquitted, and the man was given as a slave 
to the owner of the maize. 

At this time it happened that two lads robbed five ears of maize before 
it had ripened, and they were ordered to be hung, as it was a greater 
crime to take them before they were mature than afterwards. And when 
the first lord of Mexico was dead, the Mexicans remained three years 
without a ruler, after which they chose Viciliutli, son of their first lord, 
who lived twenty-five years. In his time it came to pass that a man of 
Tezcuco kept a watch over his wife, and three days after her confinement 
he caught her with the sacristan of the temples, and he seized them and 
the three lords condemned them to death. And it also happened that a 
man found his wife with another man, slew the man and not the woman, 
and she came back to live with her husband, for which reason both she 
and he were put to death. 

When the second lord died the Mexicans chose Chimalpupuca for their 
ruler, who lived eleven years. In the days of this third lord it happened 
in Chimaloacan that a woman saw a drunken man and went to him and 
lay with him, and for this they stoned the woman, but inflicted no pun- 
ishment whatever upon the man. 

And at this time it happened that a man of Tenayuca had a granary of 
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maize, anda man from Guatlitlan robbed him by an enchantment cast 
upon it, for he fell into a deep sleep by this contrivance, and the man and 
his wife took all they found ; and when this was known to the three lords 
they were both condemned to death, the man and his wife. 

He who stole a hen was enslaved, but he who took a dog was not pun- 
ished, for they said that the dog had teeth wherewith to defend itself. 

When the third lord died the Mexicans elected to that power IJzcoagi. 
And at this time the Zscapucaleans commenced a war against the Mexicans, 
and called on the people of Tezcuco and Tultitlan, Quautitlan, Ten- 
ayuca, Tlacuba, Atlacubaya, Cuhuacan, Culiacan, Suchimileo, Cuitlavaca, 
and Mizquique ; all these peoples marched against Mexico, and were van- 
quished. 

Whilst the Mexicans were ruled by lords that part of Tatiluleeo, which 
now is known as Santiago, was likewise under rulers, for whilst Acamapi- 
chil and Vichiliuitli reigned in Mexico, which was for forty years, in Tati- 
luleo ruled Quaguapuauaque, the father of the lord of Hscapulgalco ; this 
latter was for two years ruler of Mexico before they had a lord in Mexico ; 
he lived forty years. And while there ruled in Mexico Chimalpupuci and 
Jzcoagi, there reigned in Tatiluleo, Tlacateugi, son of the first, who lived 
twenty-three years. Whilst Muteguma the elder reigned in Mexico, in Ta- 
tiluleo ruled Quatlatloagi, son of Tlatecuci, and he slew the former, and 
lived thirty years. Whilst in Mexico ruled Azvayacagi, in Tatilculco ruled 
Moquiuicin, brother of the last, and married to the sister of Avayacagi, 
and on her account there was war between the two because she gave out 
her husband was a man of war who had conquered the Cotastans and 
Mexicans, and on that account his neighbors hired his services. Whilst 
Tecigicagi ruled in Mexico, in Tatilulco ruled Owacoizeigi, Tucazcal 
Tecli and Tlaueloguici, and Tutiluleo. Whilst Augoci ruled in Mexico, 
in Tatilulco reigned (iqguae Pupucu, who was the son of Tucatecal, and 
son of Quatlatoagij, and Yulocoauic¢i. Whilst in Mexico Mutecuma then 
reigned, in Tatilulco there raled Topantemitci, Ticoque and Aguatal, 
grandson of Muquinici and Yzeiaci Tucuxcalcotlequinal, and this one could 
no.* with Mutecuma. While Muteguma and Juan Velazquez and Tapia 
were governors of Mexico, he who at first was not a chief personage 
in the time of the Marquis, Don Juan, was governor of Tutilulco, the 
father of him who is governor to-day, and he was a common man and 
macegual of Mexico. 

They held certain laws in war which they executed in grand style ; and 
it was the custom that if the captains sent out a messenger and he did not 
tell the truth he died for that; and likewise they had another law that 
any one who should give advice to their adversaries should die for it ; and 
likewise they slew any man who lay with a captive woman, and like- 
wise he who was captured alive was slain. And if one captured a pris- 
oner alive and another tried to rescue him, it was punished with death. 
In war-time they had five captains who at the same time were judges. 
There was a person who hunted up crimes and painted them, and gave the 
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information to the five lords jointly, and after consultation with the chief 
lord there were other five who carried into execution what the five had 
decreed. 

There were other laws in their Tianguez or fairs which are as follows : 
If the son of the lord turned out a gambler and a swindler (tahur), 
and sold his father’s possessions or other portion of land, he was 
secretly choked to death, and if he was a macegual or fisherman, he 
was sold into slavery. Likewise, if one stole magueys to the number 
of twenty to make honey, they should pay as many ma»tas as the judges 
should ordain, and if the party did not own sufficient or if there were 
more magueys, he or they became aslave or slaves. Whoever should 
borrow mantas as a loan, and neglect to repay them, should be a slave. 
A theft of a fishing net was to be paid for in mantas,and if the party did 
not own them he became a slave. If one stole a canoe or vessel in which 
people went, he should pay the value of the canoe in mantas, and if he 
had not enough he became a slave. If a man lay with a woman slave 
who was under age he became a slave also with her, and if she became 
sick and died, he became a slave, and if she did not die he paid for her cure. 

If any one brought a slave to Hscapugwico, where there was a slave 
mart, and the purchaser gave mantas for him, and the seller unfolded 
them and was content with them, if afterward he rued his bargain he 
should return the mantas, but the slave became free. If any one did not 
grow up to natural size, and the relations sold him, and it was known after- 
wards, when he had come of age, the judges should order as many 
mantas to be paid as to them seemed fit to give his owner, and the slave 
became free. If a slave woman fled away and was sold to another per- 
son, upon its being discovered, she should return to her master and the 
price be lost that was paid for her. 

If a man lie with a slave, and she dies, being pregnant, he shall become 
the slave of her master, but if she conceive and bring forth a child, the 
child is free, and shall belong to its father.” If any conspire to sell a free- 
man for a slave, and the fact become known, all who took part in the 
affair shall become slaves, and one of them shall be given to the pur- 
chaser, and the others be divided between the mother of the person wrong- 
fully easlaved, and the informer who discovered the transaction. Any per- 
sons who administer potions with intent to procure death shall be strangled 
for the same, but if the person murdered was a slave, the murderer 
shall become the slave of his master. If any one shall steal as much as 
twenty arribas of maize, he shall die for it, but if less he shall be redeemed 
by a ransom. 

He who steals unripened maize shall be beaten to death with rods. He 
who steals the yetecomatl, a species of gourd fastened with thongs, and 
worn on the head with tufts of feathers, such as the lords wear, sprinkled 
with green tobacco, he who steals it shall be garroted to death. He who 
steals a chalchui, which was a string with certain computations forbid- 
den to be owned by men of low degree, shall be stoned to death in the 
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Tianguez, wherever he may be. And he who in the Tianguez® shall 
steal anything from the dwellers within the Tianguez, shall be stoned 
to death. Highway robbers were also to be publicly stoned to death. 
Any priest who got drunk was to be slain in the house where he became 
intoxicated, and to be beaten to death with clubs; and the marriageable 
youth who got drunk was taken to a house known as tepuzxcali, where he 
was choked to death; and any person of importance who held public 
office and got drunk, was deprived of his position, and if he was a warrior 
they took away from him the title of valiant man. Ifa father lay with his 
daughter, both were to be strangled to death. by a rope passed around both 
their throats. He who lay with his sister was to be strangled with the gar- 
rote, a crime they considered detestable; and if one woman lay with 
another, they strangled them with the garrote. Ifa pontiff was found with 
a woman, they slew him secretly with the garrote or burned him alive, 
tearing down his house, and forfeiting all his possessions, and all who 
knew the matter and kept silence about it and concealed it, were likewise 
put to death. There was no punishment for adulterers unless they were 
taken in flagrante delictu, in which case when caught they were stoned 
to death publicly. 
CHAPTER TH. 
Whence originated the Lords of Tochimilco. 


The beginning of these lords was one Yzcocutl who came from Tula, and 
dwelt in Atlixeo where they received him for their ruler, and afterwards he 
left them and settled in Xuctectitl and Vepevcan, now known as Tuchomilco, 
and there he died. His wife was named Chimalmagi, and likewise she 
came from Tula. On his death his son Tonaltemitl succeeded him, whose 
wife was (alpaloci, a native of Petlauca, On his death (intlavil¢i suc- 
ceeded to his father’s power, his wife was Zeyacapangi ; he was a native 
of Cuyuacan, and left sons, who, however, did not inherit his position. 

On (intlavile?’s death his two brothers, named Yvrteveyugi and Civa- 
coact succeeded him in reign, and they held equal powers ; their wives 
were natives ot Vepetlavca. On the death of these two lords they were fol- 
lowed in their seignory by two others, Cacamagi and Civacoaci ; Caca- 
maci was uncle of Civacoagi, who was the son of Yeteveyuei, and their 
wives were natives of Vepetlavaca. On the death of these two lords, Cua- 
pili succeeded to the throne, and he was a grandson of Civacvact; who was 
lord before the other two; and Cuapili, while still living, made his son, 
Mixcoaci, ruler of a certain portion of the people ; the wives of the father 
and son were from Petlauca, and in the days of these came the Xpianos.* 
When these were dead, Don Miguel and Don Juan succeeded them, of 
whom Don Miguel was the more powerful ; and he came to the seignory, 
because his uncle was Cuapili, and the former came forth in peace to the 
Christians, while the latter fled away. The Marquis made him lord with 
the consent of the people. Don Juan was his brother Mixcoaci, and for 


* Meaning Christians ? 
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this reason succeeded to the seignory ; the wife of Don Miguel was of 
Quizuquechula, and that of Don Juan of Aupetlavaca. 


Of the Manner in which they Reckon their Months and Days. 


It is to be remarked that they consider twenty days as their week or 
month, counting in both the first and the last as being but one day, as if 
we should say there were eight days in the week, reckoning Sunday as 
both first and last. Also they count time from four years to four years, be- 
cause they do not number their years higher. Also (a lacuna, * *) 

In these festivals when the sacrifice is offered by the pontiffs,” they 
cover up their heads with certain white mantas on which they arrange 
white plumes, I mean on their heads, and they robe themselves in a 
painted shirt open in front, and in this manner they sacrifice. 


APPENDIX. 


Annotations and Corrections to the Codex Ramirez. 


1 Tonacatecli, called by Brinton (who follows the classical authorities) Tonaca- 
tecutli and his wife Jonacacihuatl, The name Tonacatecutli is supposed to sig- 
nify Lord of our Existence, and Tonaca Cihuatl to mean Queen of our Existence. 
(Vide Am, Hero Myths, p, 73 and note.) 

2There were two Tezcatlipocas, the red and the black, of whom the myths 
blended. (Brinton, A. H. M.,73.) The names of these four brothers are differently 
stated by various authors. Tezcatlipoca-Camaztli was the spirit of darkness 
(eo. lib., 68). (The shining mirror.) Stone seats were placed around the streets 
for him to repose on, on which no native ever dared tosit. Clavigero, 1, 244. 

His principal image was TJeotetl (divine stone), black and shining like marble 
and richly dressed. He was called by Herrera (III, 11, ch. xv) Tezealtiputea; 
by Boturini (p. 11) Tezeatlipoca; by Garcia (Iv, 300) Tlezcatipuca; Til/acauan was 
also one of his common names, meaning ‘‘ we are his slaves.” (A. H. M., 106.) 

Ofthe three names, the one given by Boturini is correct. According to Men- 
doza (Anales de Museo Mexicano), the meaning of the word is brightness, dark- 
ness and smoke, being the silver resplendency of the moon illuminating the 
darkness of the night, breaking through a smoke-like obscurity. 

Brinton (Am. Hero Myths, p. 71), leans to the more generally received inter- 
pretation of smoky mirror (from Tezcapoctli), meaning the rising of the mist 
from the surface of the waters. Tezcatlipoca was the god of gods, compared by 
Garcia to Jupiter, the supreme invisible essence, “the most sublime figure in 
the Indian Pantheon” (Brinton, lib. cit., 69) ; also the youth, omnipotent, exact- 
ing of prayer, creator and disposer of men; the enemy, the worker and night 
wind, The divine Providence according to Boturini. See note 7. 

3’ Camazxtli. Also called Teotlamacazqui (the hieroglyphic of the priests), Tez- 
catlipoca-Camaxtli the spirit of darkness. (American Hero Myths, Brinton, ch. 
3. p. 68.) TiitlacAhuan, we are thy slaves. (Bot. xi.) (Cf. Note 27), 

4Quatzaicoatl (Bot. 11.) Herrera 3, 3,ziv. Quetzalcoatl (Brinton A. H. M,), 
passim. Quetzalcohuat! (Bot. 25) hieroglyphic of the Air. Quetzalcoat! (Garcia, 
IV, vit, 262), was a “ white man with a beard, of industry and intelligence, who 
fled from the tyranny of Huemac (the great hand), King of Tula, and took refuge 
at Cholulla. He is the spirit of light and culture, ever engaged in a continual 
warfare with his brother, Tazcatlipoca, the spirit of darkness. (A. H. M.) 
Quetzalcoatl (Clavigero, 1, 248), ‘** feathered serpent,’’ god of the air. 

Vetancourt (Clav. 1, 230), Coatl, a twin, Quetzalli, a gem. 
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Quegalcoatl, por otro nombre yagualiecat!. The name was applied to him in 
his relation to the winds, whose ruler he was, the words Yahualli ecatl, meaning 
“the Wheel of the Winds.” Yahualli is from the root yaual or youal, circular 
or round, and the towers where he was worshiped were of this form, (A. H. 
M., 121.) 

5 Om tecilt. Qy. Ometochtli (two rabbits), the god of wine. 

Omiticult. Clavigero 1, 245. 

Ometeuctli and omicihuatl, god and goddess residing in heaven, propitious to 
mortals. Also known as Cit/allalonac and Citlalicue, 

® Moyocoya, or more properly moyocoyaizin, is the third person singular of the 
verb yocoya, to do, with the respectful or reverential termination tzin (A. H. 
M., 70), meaning “ he who acts or does.”” Ramirez translates it as “ the omnipo- 
tent” (todo poderoso); Brinton, the determined doer. The title is given himin 
reference to his demiurgic power. 

‘Evidently an error for the terrible war-god, Huitzilopochtli. (Boturini 27; 
Herrera III, 11, 17, Vitzilipuztli, Lorenzana,I. Huitzilo-potzli.) 

In the sixteenth century it was customary to express the same sound indis- 
criminately by Viand Hui. (Orozco y Pérra. Anales 11, i, 71.) 

Garcia (IV, 300) Huitzilopuctli answers to Mars. In this author the name oc- 
curs most frequently as Vitzilipactli, 

Vehilobos. Clavigero (Cullen 1, 254). Huitzilin, a humming bird. Opochili, left. 

Boturini wrong. The Spaniards, unable to pronounce the name, usually 
called him Huichilobos,. Orozco y Berra (Anales II, 1, p. 71), thinks that of all 
the forms Vilzi/iudl is the most correct. 

* (Gipactonal, Boturini 46, the father superior to the son.) Cipastonal and 
Uxumuco, more properly Cipactonal and Oxomuco. (Oxomozco, Boturini, p. 46), 
whose names have not been as yet satisfactorily explained. “* Tonal is no doubt 
from tena toshine,andecipacili * * * fromchipauac, beautiful or clear. (A, H. 
M.,74. Vide Chavero, Anales, II, 116.) 


*Maize. Maize was the emblem of Cenfeotl, goddess of cereals, who was the 
same as Xilomen (from Xi/oll,a young grain of maize). She was also the same as 
Trazolteoti, the Venus vaga, goddess of impure love, L’Ecriture hieratique Maya 
par Leon de Rosny, p. 185. 


1 Tlalocatecli. Ttaloc was, according to Boturini (p. 72), the second deity and 
quasi minister of the Divine Providence. Brinton (A. H. M., 75, 123) considers 
him as the god of darkness; his name being, according to some, wine of the 
earth. Tial (tlalli, earth) oc (ocqgui), wine of the maguey plant; according to 
others, dweller on earth, tlalli (the earth) and onae (being). 

The name according to Brinton (A. H, M., 123) should be Tlaloctecutli, lord of 
the wine of the earth, 

Garcia (IV, t, 139, ch. vil) Tlalocatecutli is the god of water; Tlaloc (IV, vir, 
ii, 148). 

Clavigero 1,251. Tlaloc, god of water; he resided on the highest mountains 
where the clouds are formed 


" Chalchiuhcueitl (Boturini 25). La della Saya de Piedras preciosas, hiero- 
glyphic of water; is generally shown with reeds. Probably took her origin 
among canebrakes. Cf. Venus sprang from the Sea. 

Chaichiuitlicue, Chalchihuitlicue, Brinton, (A. H. M., 123, p. 75), From Chai- 
chihuitl, jade. Cueitl, skirt, petticoat. Cf. Kilt. 

If Tialoc was the god of water and tropical rains, may not his wife have sig- 
nified the verdant results from his beneficial showers. 

Chatchihuitlicue. Clavigero (tr. Cullen I, 240), goddess of water, 252. The high 
priest wore the same habit in which they represented her as the goddess of 
water. Cf. p, 252, for names given by Torquemada and Boturini. 

Chaichihuitlique was the goJdess of water and companion of Tlaloc. Torque- 
mada calls her Xochiquetzal, and Boturini, Macuizochiquezalli (Clavigero I, 252). 
According to the Codex Telieriano-Remensis, Chaichiutli saved herself from the 
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deluge. Her name signifies “The women adorned with a dress of precious 
stones. According to Sahagun she was the sister of the Tlalocs, the rain gods 
(Codex Troano, 102). 

Chalchiuhtteuh, a modo de Esmeralda, Sandoval, Gram, Mex., 53, 

12 Aleancia, literally, a money-jug of earthen ware. 

18 Tunchback. It was the custom among the Aztec lords to have among their 
attendants for their diversion hunchbacks, Just as the Mediseval barons had in 
their train their fools and jesters, The sacred cavern was that of Cincaico. 

Quetzalcoatl was followed in his passage of the Sierra Nevada by hunchbacks, 
who mostly froze to death (A. H. M., 115). These formed part of the suite of the 
last Montezuma, They were interred with their Caciques, (Herrera li, 165.) 
Chalco, seems to be derived from Challi,an emerald. Buschman, §8§9. 


4 Called Cipagli in preceding part of the chapter. 

Cipactli (A. H. M., 74, 126), the great fish. Cf. the fish Oannes in the Chaldean 
mythology, Dagon of the Philistines and Pheenicians, Pisces of the Syrian and 
Egyptian Zodiac; supposed to be sun myths, the sun rising out of the East. 

Cipoconal and Oxomuco, the first created pair, qy. pisces of the Zodiac, &e, 
Note 9. Chavero (Anales I, v11, 245) considers Cipactli the first light below the 
horizon. 

Jesus is represented as a fish, because the Messiah in the Talmud is called Dag, 
i. e., the fish. King’s Gnostic’s and their remains, 138, 

1 Tlaltecli, the earth, from tlalli, the earth. 

The wife of this son was made of the hairs of the divine mother of 
the four brethren—gods, whose name was Xochiquetzal (Beautiful rose). (A. 
H. M., 73, 74.) 


17 Garcia (Origin de los Indios, V, tv, 327), gives a different account of the crea- 
tion of which the following is a résumé: 


* At the distance of a league anda half from Guazaca, in an Indian settlement 
named Cuilapa, there is aconvent of my order whose Vicar, at the time of my 
coming there, owned a MSS, volume, * * * writtenin the figures used by the 
Mexicans, and with the explanations thereof, setting forth the origin and crea- 
tion of the world, and the deluge, &c. This book I tried by all manner of means 
to obtain, but the holy father set too great a store on it to part with it, but 
permitted me to make such extracts from it as I desired. 

**In the year and in the day of darkness and clouds, before there were any 
days or years, the world was plunged into total obscurity, and all was chaos and 
confusion; the earth was covered with the waters, and there was nothing but 
mud and débris over the face of the globe. In these days there appeared 
visible to sight a god whose name was the stag (Ciervo), and whose sur- 
name was Lion-viper (Culebra de lion), and a very charming and beautiful 
goddess, whose name was likewise Ciervo, and whose surname was Tiger 
viper (Culebra de tigre). From these divinities originated all the other gods of 
the Indians. As soon as these two gods appeared they took on human shape, 
and being omnipotent and omniscient, they founded a huge rock ( Pefia), on 
which they built sumptuous palaces, made with the greatest art, where was 
their home, and their abode on earth; and on the summit of the most lofty part 
of the palaces, there stood an axe of copper with its edge upwards, upon 
which the heavens rested, This rock and the palaces of the gods were on avery 
lofty mountain peak (Cerro) near the pueblo of Apoala, in the Province known 
as Mizteca Alia. This rock,in the language of that people, bore for its name 
The-place-where-the-heaven-was, by which they meant to express that it was 
the Paradise and abode of ali manner of pleasure and happiness, and where there 
was an abundance of everything that was good, and where not the slightest ele- 
ment was ever lacking to complete felicity. This place was where the gods 
abode at their first coming on earth, where they remained many ages in quiet 
and contented rest, as the locality was so pleasant and charming, but the world 
was ali in darkness and clouds. * * * Of these gods, the father and mother of 
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all the other divinities,in their palaces and court, were born two sons, very 
beautiful, shrewd and learned in all the arts and sciences, The first was called 
The-wind-of-the-nine-vipers, Which he took from the name of the day on which he 
was born; the second received the appellation of the Wind-of-the-nine-caverns, 
that being likewise the name of the day on which his nativity occurred. These 
two youths were brought up in great pomp. The elder when he would amuse 
himself, took the form of an eagle and went flying through the highest skies 
the second transformed himself into a tiny animal in the form of a winged 
snake, with which he flew through the air with so great a velocity and subtlety 
that he penetrated the hardest rocks, and became invisible. The effect of which 
was that those who were over his head could hear the noise and turmoil that 
was made below. The meaning of these figures was to exhibit the power that 
these gods possessed of transforming themselves and of their returning to their 
own shapes. 

“These brothers then remained in their paternal home, living in comfort and 
peace; they bethought themselves that they would make an offering and sacri- 
fice to the gods, their parents, to effect which they took censers of clay with burn- 
ing embers upon which they cast a certain quantity of ground poison in lieu of in- 
cense, This, say the Indians, was the first offering ever made inthe world. After 
they had made this oblation, the brothers created a pleasure garden for their rec- 
reation, in which they placed trees and flowers, fruits and roses, sweet-smelling 
plants and other varieties of vegetation. Here in this garden and orchard, they 
refreshed and recreated themselves all the time and they made near it another 
pleasure-ground (Prado), in which were stored all manner of things necessary 
fur the oblations and sacrifices which they had to make and offer tu the gods, 
their parents. 

* Whenever these brothers left the house of their parents, they disported them- 
selves in this garden, taking care of the trees and plants, and seeing to their in- 
crease and preservation, and offering from time to time the aforesaid oblation 
of poisoh, &c. They prayed to their parents at the same time, making vows and 
promises, and supplicating them by virtue of the obiation which they were offer- 
ing, and through the other sacrifices they gave them, that they would think 
well of creating a heaven, and that they should shed a light upon the world, 
that they should create the earth, or rather let the waters sink and the dry 
ground appear, for that they had no other abode and resting place than the 
narrow limits of their garden and orchard, And still more to force the gods to 
accede to their request, the suppliants pierced their ears with lancets of flint, 
drawing blood from them in torrents. This they did also to their tongues, and 
with the blood they sprinkled the branches and trunks of the trees by means of 
a sprinkler made of the branches of the willow tree as a thing holy and 
blessed. This action they performed to show their entire submission to the will 
of their parents whom they regarded as being greater gods than themselves. 
* * * These gods had children * * * after which there was a general 
deluge in which many of the gods were drowned, When this had ceased, the 
creation of the heavens and the earth was begun by a god whom they name 
Creator of all things, who restored the human race, from which was populated the 
Miztec kingdom.” 


18 OF THE MEXICAN YEAR. 


Boturini 2. Gemelli (Anales I, 7, 299). 
1 Tecpatl, (pebble) 1 Calli 

2 Acatl, (reed) 2 Acatl 

& Tochtli, (rabbit) 8 Tecpatl 

4 Calli, (house) 4 Tochtli 


Veytia agrees with Boturini,and Orozco y Berra (Anales 1,7, 299), accepts their 
arrangement and nomen“lature. 
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The eighteen months of the year are named as follows: 


NAMES OF THE MONTHS. 


(Lorenzana, 2.) Orozco y Berra (Anales I, vit, 294). 

1. Atemoztli (water month) 1. Itzealli, Xochilhuitl. 

2. Tititl (things even and just) 2. Xilomanaizitli, atlacahu- 
alco, Cuahuitlehua, Ci- 
huailhuitl. 

3. Yzcalli (new creation) 8. Tlacaxipehnaliztli, cohu- 
ailhuitl. 

4. Xilomanizte (offerings of the new maize) 4. Tozoztontli. 

4. Coanilhuitl (grand festival ofthe viper) 5. Hueytozoztli. 

6, Tozcotzintli (lesser fast) 6. Toxcat!,Tepepochuiliztli. 

F . 7. Huey Tozcoztli (greater fast) 7. Etzalcua liztli 
8. Toxcatl (dangerous for the fields) 8. Teeuil Nuitzintli. 
9, Ezalqualliztie (eating of dry fruits) 9. Huey tecnilhuatl. 
lv, Tecuilhuitzintli (feast of the youthful cava. 10. Micailhuitzuitli, Tlaro- 
liers) chimaco. 
1l. Huey Tecuithuitl (feast of elder lords) ll. Huey micail huitl, Xoco- 
tihuetzi. 
12. Micta ilhutzintlil (lesser feast of the dead) 12. Ochpaniztli, Tenahuati- 
Iztli, 
13. Huey mictail huit (greaterfeast ofthe dead) 15. Pachtli, Teotleco, 
14. Ochpanitzli (broom) 14. Hueypachtli,Tepeilhuitl, 
15. Pachtlizintli (early grains) 15. Quecholli, 
16. Hueypachtli (grains and large trees) 16. Panquetzaliztli. 
17, Quecholli (the flamingo?) 17. Atemoztli. 
18. Panquetzallitzli (pennons or banners) 18, Tititl. 
- DAYS OF THE MONTHS, 
Lorenzana (2) Chavero (Anales I, VIT, 245). 
Cipactli (serpent) 1. Cipactli (the first light from be- 
low the horizon) 
Ehecat! (air) 2, Ehecatl (the wind) 
Calli (house) 8. Calli 
Cueztpallin (lizard) 4, Cuetzpalin 
Cohuatl (viper) 5. Cohuatl 
Miquitzli (death) 6. Miquitzli 
Mazatl (deer) 7. Mazatl 
Tochtli (rabbit) 8. Tochtli 
Atl (water) 9. Atl 
Ytzeuintli (a common dog) 10. Itzeuintli 
‘3 Ozmatli (a she ape) 11, Ozomatli 
Malinalli (a mesh of cords) 12. Malinalli 
Acatl (reed) 13. 1. Acatl 
Then follows the second group: 
Ocelotl (tiger) 14, 2. Ocelotl 
Quaotli (eagle) 15, 3. Cuauhtli 
Temtlatil (grindstone) 16. 4. Cozeacuauhtli 
Quiahuit] (rainy water) 17, 5. Ollin. 
Xochitl (flower) 18. 6. Tecpatl 
19 7. Quiahuitl 


20. 8. Xochitl 
19 Cintrococopi, qy. from cintli, spindles (Mazorcas), full of dry and cured maize 
and cocopatic, something that burns the mouth greatly. (Molina sub vocibus,) 
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™The story of the falling down of the heavens appears among the myths of 
Samoa, where two trees are reported to have grown up and pushed them into 
proper place. The natives of Vaitupu have a tradition in which two of the sons 
of the first couple “ distinguished themselves by raising the heaven higher.” In 
Nikundu, the legend runs ofan universal darkness in the beginning ofall things 
and that the heavens were down and resting upon the earth until raised by two 
brothers. (Samoa, by George Turner, pp. 198, 283, 291.) 

“The two trees into which the gods changed themselves ; more properly, Tez- 
caquahuitl, the tree of the warrior, Quetzalveixochitl, the beantiful rose tree. 
—A. H. M.,7 

#2 Mixcoatl,a name of Tezcatlipoca, Brinton, A. H. M., 84. Iztac Mixcoatl 
(A. H, M. 92), white-cloud, twin. 

*% Four hundred men created, Brinton considers them to be the stars, espe- 
cially as they later were translated to the sky. Codex Chimalpopoca (Myths, 
New World, 207). Four birds devoured the antediluvian dwellers on earth. 

* They drew blood from their ears, &c, Inch. 8 (seq.) Camaxtli takes a maguey 
thorn and draws blood from his tongue and ears, The Persians drew blood from 
ears, arms and face. Cf. Garcia, iv, 301. 

* Talocatecli threw his son into the cinders, Should be Jlaloc. (Cf. Abraham 
and Isaac.) 

* Chichimecas (Garcia, V, 2, 322), offered no let or hindrance to the immigrants 
who drove them away, but were filled with fright and astonishment, and hid 
themselves among the most inaccessible rocks, 

But the C. on the other side of the Sierra Nevada, where the Tlascaltecans 
came, did not behave in this manner, but valiantly resisted the invaders, being 
of gigantic stature, endeavored to drive them out of the land, but were ulti- 
mately overcome by the force of the Tlascaltecans. Then they had resort to 
stratagem, and feigning peace and submission invited their conquerors to a 
banquet at which concealed men precipitated themselves upon the Tlascalte- 
cans when they had become drunken and helpless. However, the Tlascaltecans 
rallied to the assistance of their comrades, and being better armed and disci- 
plined, ultimately defeated the giants, leaving not one man alive. After many 
generations the barbarous Chichimecas became civilized, wore clothes and be- 
came as other people, forming themselves a state. (Cf. Garcia, V, 302.) 

Chichimeca. (Clavigero tr. Cullen, I, 91), according to some from Techichiani, 
sucking, because they sucked the blood of the animals which they hunted. C, 
calls them Chechemecati, (Betancourt), from Chichimi, dogs’ beans, If the name 
had been one of contempt they would not have prided themselves upon it, as 
they did. Another point to show it was an indigenous word. 


A number of conjectural etymologies have been assigned for this name, but 
all unsatisfactory. As this people appear to have been aboriginal it seems to 
me that any attempt to explain its name by means of the language of the con- 
querors must be futile. Those who speak an alien tongue have always been 
looked upon by their neighbors as barbarians, and even as not possessed of 
rational speech, but as using only an unintelligible jargon. The Latin dramatist 
expresses the feeling in his lines, Barbarus hic ego, _ non intelligor nulli, 

According to Garcia (V, 3,321), the word Nahuatl means the people that speaks 
distinctly and makes itself understood (Cf. Sahagun X, 29.) (Buschman, 685), 
“well sounding, clear, distinct.” 

Boturini, 73. Chichimécatl, el que’ chupa, from their sucking the blood of 
animals, Chichi means mamar, to nurse. Anales 3, 2, 60, 


™ Canasaie,more properly, Camaztli, qu.,a name of Tezcatlipoca (A. H. M., 
‘90) ; la faja noturna (Anales 3, 365). He was worshiped by the Tilascallans, being 
there the same as Huitzilopochtli. Clavigero 1, 2, lll. (Cf. Note 3.) 
% Ce acatl, one reed, the day of Quetzalcoatl’s birth, and by which he Was often 
called. It was a day of evil omen, and no one born on it could hope for success. 
This year which returns but once in the Mexican cycle of fifty-two years, was 
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the one in which the god Quetzalcoatl was expected to reappear; and it so hap- 
pened that in this very year Cortez entered the land of Mexico. Gloomy 
prophecies had preceded his advent, and he met a sovereign predisposed to sub- 
mission. 

*® Tlapalla, This isthe Tlapalian which Brinton (A. H. M., 89) believes to be 
the “ City of the Sun,” the original home of the Aztecs. All this he considers a 
sun myth. The word signifies “the red land’”’ (Codez Mendoza, Anales I, 4, 178). 
It was to this country that Quetzalcoatl was to take his journey (Buschman, p. 
684), 

“ Tlapatlan, the red land, and Tizapan, the white land, were really the names 
for the land of the sun. Tizapan from tizail, white earth, and pan in.” (Am, 
Hero Myths, 135.) The idea holds ground among some scholars that this long 
record is only one of journeyings up and down through the valley of Mexico. 

*® Chapultepeque. Monte des Conejos. (Garcia, IV, 2/3.) Cerro del Chapulin 
(Bot. 78). See note 43, 

*% Guluacan. Colhuacan (A, H. M., 92). The bent or curved mountain, the 
home of the mother of the gods; on it the old become young and remain at any 
age they desire; years leave no trace upon them. In the legends of the Choc- 
tewsoccurs mention of a bending hil (Myths New World, 225). Duran (I, i) con- 
siders it another name for Aztlan. Cf, Buschman, 691, 

® Azclan, regio de gargas, land ofthe heron, (Garcia, 4, 293) Bright or white 
land. (Brinton A. H. M., 92. Buschman, 612.) The latter the more generally re- 
ceived; cf. Tlapallan, Note 29. 

88 Suchimiico, first people (gente de sementeras de Flores), occupied the banks 
of the great lagoon of Mexico and founded a city of the same name. Garcia, V, 
2 2, 322, 

*% Xochimileo. Place of the field of flowers, (Buschmann, p. 700 ; Clavigero, 2, 
228; Boturini,78.) Sometimes written Suchimilco. 

% Mixrcoatl (Brinton A. H. M., 92, Iztac-Mixcoatl, the white cloud twin), god- 
dess of hunting, Clav., i. 126. Same as Camasale (Notes 3, 27). 

% Chaleas. The name signifies Gente de las Bocas, Garcia, V, 2, 322. 

% Tenpaneca (Garcia, V , 2, 322). Gente de la puente, settled on the west side of 
the lagoon. They soon founded a large city, Azcapuzalco (Hormiguero), 

* Tezcuco. Garcia (V, 2, 322) says the Tezcucans were the fourth population of 
Mexico, coming from Culua (Gente corva), because in their country there was a 
very crooked Cerro. 

These four nations encircled the lagoon, and of them all, the Tezcucans were 
considered as the most polisned. 

38 Quausticaca ? lugar de los Pinos. 

*® Chicomuxtoque, more properly should be Chicomoztoc, the Seven caverns. 
(GARCIA, V, 325: BOTURINT, 78. BUSCHMANN, tiber die Aztek. Ortsnamen, 688.) 

# Coatebeque, more properly Coatepec, the hiil of serpents. 

41 Quatlique, more properly Coatlicue, “one of the serpent skirt” (A.A. M., 77) 
from whom Huitzilopochtli was born. According to Clavigero (1257), she was 
the goddess of flowers. 

Asimilar myth is narrated (A. H. M., 99) of the birth of Quetzalcoatl, “thé 
feathered serpent,’ which seems more probable from the connection of this 
name with the bunch of feathers, the virgin is stated here to have placed in her 
bosom. 

# Cuzco means (Garcia, IV, 293) the navel of the earth. 

8. Bridge of Chapultepeque; this is probably a clerical error of puente for fuen’e, 
asin the preceding chapter a (fountain or) stream of water (fuente) is spoken of 
as existing at that place. The word means hill of the locust, from chapulin, 
locust, and fepec, a hill. (Cf. Note 30.) 

#In the original tes, meaning evidently tres. 

* In the original dos, probably an error for los. 

#Giquacoatl, more properly Cihuacoatl; the serpent woman (Myths New 
World, 120); Cihuacohuatl (Clavigero, I, 246). 
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* Tigapan = same place. (Garcia, 326, Tizaapdn, aguas blancas, white 
Tigapaa water). The general view entertained by scholars is that the 

word means the white land (A. H. M., 135), and is the same as Tlapalian, the 
home in the distantsun. See note 29 

“* Here there is something omitted, probably the words “a woman,” as the 
rest of the sentence requires it. 

Clavigero (Book II, ? 21, Cullen, p. 124, tells a horrible story of a woman’s 
sacrifice (too long to copy), which may be the one here referred to. 

#Quanmixtitian, postea Tenustitan. Garcia, 325; Cuidad del popul, Bot., 78. 

Tenoxtitlan, more correctly Tenochtitlan, from fell, a stone, and Nochili, a 
nopal (meaning the wild fig on the rock. TJunal en piedra, Garcia, V, 326). 
Buschmann, p. 702. 

*Acamapictli. Garcia, V,2?3, 334. Third king of the Mexicans, Coringio, be- 
ing second, and Tenuch first. (Clavigero, I, 111, 127; Lorenzana, p. 9.) 


Names of the kings of Tenochtitlan according to 


Clavigero, i, III, 127. Lorenzana, 9. 
1. Acamapitzin 1. Acamapixtli 
2. Huitzilihuitl 2. Huitztlihuil 
3. Chimalpopoca 3. Chimalpopoca 
4. Itzeoatl 4. Ixcoatl 
5. Monteuczoma or Montezuma 5. Montezuma, the elder 
6. Axajacatl 6. Tizotzin 


. Axalacac 
. Ahuitzol 
. Montezuma 


. Tizoe 
. Ahuitzotl 
9. Montezuma 


gp 
oS @ 


Anales IT, 1, 53. 


. Tenuch, A.D. 1324. 

. Acampichi, A.D. 1370. 

. Huicilyhuitl, A.D. 1396, 
Chimalpupuca, A.D. 1417. 
Ixcoaci, A.D. 1427. 

Huehue motecguma, A.D. 1440. 
. Axayacaci, A.D. 1469, 

. Tigocicatzi, A.D. 1482, 

9. Ahuigocin, A.D. 1486. 

10, Motecguma, A.D. 1502. 
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Garcia (Vv, iii, 824), makes Acamapictli the third ruler. 

® Seems to resemble the title of Prince Consort. 

‘| Cuernavaca. Garcia (Origin de los Indios, Lib. V, 2 11, p. 322) says that Quauh- 
nahuac (a word meaning the place whence the voice of the eagle sounds) was 
corrupted in common language into Cuernavaca. He states that it was the 
capital city of a fertile and populous province, which, in his days, was known, 

® They took away. (Qy. the original one?) 

** Tiascaltecas (gente de pan). Garcia, V, 1, 322. Were the sixth people; 
built and settied, and their chief city was named Tlascala, This nation aided 
the Spaniards. 

8 Dende un afio ynvernan ? 

% The Indian woman, Marina, who fellin love with Cortez, and accompanied 
him as his interpreter. The words in the original are, “ Por una lengua dicha 
Marina.”’ . 

%® Sahagun, Lib. XII, ch. 29, also speaks of this epidemic of small-pox. 

% Oydores, auditors, councillors of state. 

% Z.e., the days to lengthen, 
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58 Teaugigua (fleshless women), alias Qigemine. More properly, Tzitzimimine 
(Anales II, i, 7), the dreadful ones, The conclusion of a cycle was a grave event 
for the Mexicans, for, according to their religious ideas, it was possibly the date 
for the end of the world. “All the inhabitants,’ says Torquemada, “* were in 
great fear and trembling lest when the lights were extinguished they should 
never more be rekindled, but on that very night the human race would come 
to an end, and darkness eternal would reign over all; nosun should everappear 
again, but the Tzitzimimes, fearful demons, would descend and eat up all man- 
kind,” Annales, &c, LI, i, 7. 

51, Se echaron una con otra. 

59* Quey, ver, omitted? In which case the sentence read Este no pudo (ver), 2 
Montezuma, could not bear with Montezuma, detested him, 

® How much more humane than the maxim ofthe civil law, partus sequitur 
ventrem! One who lay with animmature girl, oranother’s slave, became a slave, 
(Garcia, 8, 2, 111 : Torquemada, x11, 8; Herrera, IV, 8, 10 ) 

“* Tianguez should be more properly Tianquitzli, (Anales ITI, 2, 66.) 

®& Papy. “The Mexicans called in their tongue the Supreme Pontiffs by 
the name of Papa.” (Herrera III, rr, xv, p. 690. Simititer, Garcia V, x11, 300.) 

Papachtic. “ He of the flowing locks,”’ corrupted to Papa, was one of the names 
of Quetzalcoatl (A. H. M., 69), hence the title may easily have been transferred 
to his priests, 


The Pennsylvania Prison System. By Richard Vauz. 
(Read before the American Philosophical Society, June 20, 1884.) 


The Pennsylvania Prison System had its origin in an effort to correct 
the abuses in the place of incarceration of all classes of violators of law. 
The common jail, under the colonial government of the Province of 
Pennsylvania, was the receptacle of every such offender. 

In the city prison of Philadelphia, located at Market and Third streets, 
in 1770, young and old, black and white, men and women, boys and gir)s 
were congregated indiscriminately in custody, for misconduct, misdemea- 
nor, and felony, either before trial, after conviction, or for want of bail 
for surety of the peace. It was a moral pest-house. Bad as it was, it was 
better than Newgate, for England was without a rival in the infamous 
management of her then chief public prison in London. 

So early as 1775 a sensible, thoughtful man—a merchant—Mr. Richard 
Wistar, residing near by, had his attention directed to the horrible condi- 
tion of this city prison. In 1776, on the 7th of February, a society was 
formed, styled the ‘‘ Philadelphia Society for Assisting Distressed Pris- 
oners.’” The occupation of Philadelpbia by the British army terminated 
the labors of this society in the month of September, 1777. In the year 
1787, May 8th, the first society was revived by its successor ‘‘The Phila- 
delphia Society for Alleviating the Misery of Public Prisons.’’ Some of 
the members of the first Society, and others like-minded, engaged in this 
revival of the organization of 1776. 

On the 16th of August, 1787, William White, D.D., Bishop of the Prot- 
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estant Episcopal Church, as president of this society, addressed the citizens 
of Philadelphia for aid—aid for a practical benevolence which found the 
evil, and undertook to apply the remedy. It was not humanitarianism— 
that restless agitation of the sympathies of try-to do-something people, 
which usually is converted into mist. 

The criminal laws from 1718 to 1794 were ameiiorated. In 1718 ten 
crimes were capital. On the 15th of September, 1786, by the influence of 
an already developed interest, an act of Assembly was passed to markedly 
modify the criminal code of the province. This was the first legislative 
reform. It substituted fur robbery, burglary, and the crimes against 
nature, imprisonment at hard labor, for the death penalty. On the 27th 
of March, 1789, this first act was amended. The act of April 5th, 1790, 
repealed both acts, and the act of 1794 made murder only, a capital crime. 
No impartant legislation, as to the criminal code, occurred from 1821 to 
1860. 

The first Constitution of the State in 1776, chapter 2, section 28, pro- 
vided ‘‘That punishments be made in some cases less sanguinary ;’’ and 
by section 39, hard labor in prisons be substituted. In 1786 some of these 
provisions were enforced. ‘‘Penn’s Great Law ’’ of 1682, enacted for his 
province, 10th section, provided that ‘all prisons shall be workshops for 
felons, vagrants, and loose and idle persons.’’ Prior to the Revolution 
these laws were generally disregarded. 

From Mr. Richard Wistar’s first efforts in 1775, till April 5th, 1794, 
slow but effective measures were taken to reform the penal laws and the 
prison system of Pennsylvania. They were the outcome of the earliest 
practical thoughts on this subject in America. 

It is to be noticed that in Italy, 1718, the Hospital of St. Michael was 
founded, and there was first introduced in Europe reforms in prison dis- 
cipline. It was an experiment suggested by philosophy and benevolence, 
and remained for nearly a century the only like instance on that continent. 

It was a successful undertaking. Parenthetically it may be said, with- 
out too broad an assertion that, so far as is known, the present congregate 
prisons of the United States in some features are copies of the St. Michael, 
originated one hundred and sixty-six years ago. 

In 1718, February 22d, a law was passed for erecting houses of correc- 
tion and work-houses in the Province of Pennsylvania. While this law 
of 1718 authorized these establishments, they were intended simply as 
receptacles for vagrants and incapables. 

In 1775 a work appeared on ‘‘The State of Prisons in England and 
Wales,’’ which first directed the attention of the English people to the 
subject of the then terrible condition of these institutions. 

During this progress of a thoughtful investigation into the needed reform 
of existing methods of prison management, it became apparent to those in 
Philadelphia engaged in the examination, that a radical change in both the 
crime code, and the punishment of convicts was the only possible relief 
for the abuses and miseries existing in the prisons. The crime code was 
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severe without discrimination, the prison treatment of convicts was irra- 
tional, disgraceful, and produced those results both were intended to 
prevent. 

The evil was at the root of convict treatment, at the foundation on which 
the plan rested. Incarceration at hard labor was the only specific for all 
felonies or crimes of aggravation. 

The public mind considered public safety secured if violators of law 
were imprisoned, and there it ceased to regard the crime or the criminal. 

This actual condition of the law and its administration convinced the 
able men interesting themselves in the question, that in the incarceration 
of criminals a thorough change of method must be established by law. 

The associating or congregating convicts at work or otherwise while in 
prison was deemed so unwise, degrading, and irrational, if any benefit to 
the prisoner or advantage to society was expected from imprisonment, that 
this form of treatment must primarily be abolished. This was the initial 
step in prison reform. The leading minds investigating this subject reached 
this conclusion so early as 1787. 

A memorial from the Society for Alleviating the Miseries of Public 
Prisons was addressed to the representatives of the freemen of the Com- 
monwealth of Pennsylvania in General Assembly met, on the shocking 
treatment of prisoners then existing, in which it is stated ‘‘that punish- 
ment by more private or even solitary labor would more successfully tend 
to redeem the unhappy objects.’” The memorialist recommended for the 
consideration of the General Assembly “the very great importance of a 
separation of the sexes in public prisons.’’ Legislation to this end was 
asked. In this memorial is to be found the first suggestion of two prin- 
ciples, which either in their assertion or presentation, gave no promise of 
the signal importance they were to exercise over the subject of prison 
reform, or that they were to become the basis of the Pennsylvania prison 
system. They were the origin of the system of separation of prisoners 
during their incarceration, and that labor was an element in their pun- 
ishment. 

To this memorial the Supreme Executive Council of Pennsylvania, on 
the 20th of November, 1788, replied by the adoption of a resolution ask- 
ing information as to its subject-matter. 

The society made a full statement to this resolution of inquiry, and it 
was presented to the Council in 1788. 

In the following yeur the society presented a plan for the positive im- 
provementof the prison discipline of the State. 

The propositions contained in this plan were enacted into the law of 1790. 

In 1773 the erection of a State prison was begun, located at the south- 
east corner of Sixth and Walnut streets, in Philadelphia, and on its com- 
pletion the test was applied of the reforms suggested. 

The Legislature, by the act of April 8th, 1790, to reform the penal laws 
of this State and try the separate confinement principle of imprisonment, 
declared its purpose in this act as follows: * * * 
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‘* And whereas, the laws heretofore made for the purpose of carrying 
the said provisions of the Constitution into effect have in some degree 
failed of success, from the exposure of the offenders employed at hard 
labor to public view, and from the communication with each other not 
being sufficiently restrained within the places of confinement ; and it is 
hoped that the addition of unremitted solitude to laborious employment, 
as far as it can be effected, will contribute as much to reform as to deter. 

‘* Section 8 of the act provides for the erection of cells in the gaol yard for 
the purpose of confining there the more hardened and atrocious offenders. 
Section 10 declares the cells to be a part of the gaol and requires all per- 
sons who cannot be accommodated in the cells to be kept separate and 
apart from each other, as much as the convenience of the building will 
admit. 

** Section 18 restricts the visitors to the prison to various officials and 
persons having a written ‘license’ signed by two inspectors.”’ 


This law was a decided triumph for those engaged in prison reforms. It 
was the first authoritative endorsement by the Legislature of Pennsylvania 
of the two principles to which attention has been called. Though tenta- 
tive in its object, it placed the Pennsylvania prison system on its trial, 
limited as it was to the most ill-devised and circumscribed opportunities. 

In the year 1801 the society again addressed the Legislature stating the 
progress made by former Legislatures in preventing crime and reforming 
criminals were satisfactory, * * * ‘though it was not expected that 
the practical part could be suddenly or completely effected.’’ It was con- 
sidered then only as an experiment. The society again urged the Legis- 
lature to make a fair experiment of solitude and labor on convicts. 

In 1803 a marked confidence is shown by the memorial of the society to 
the Legislature, as the following extract proves : 


‘** Placed as we are in a situation to observe the salutary effects of soli- 
tude and labor in preventing crimes and reforming criminals, we trust you 
will as heretofore receive our application with indulgence, and therefore 
again respectfully submit to your consideration the propriety of granting 
another building for the purpose of making such separation amongst pris- 
oners as the nature and wants of this truly benevolent system requires.”’ 


Persistent in its efforts, and gaining knowledge and faith from experi- 
ence, in 1818 the society more broadly expressed itself in a memorial to 
the Legislature. Confirming the satisfaction which thus far had attended 
the trial of the system, imperfect as it was, the memorialist * * ‘‘there- 
fore respectfully request the Legislature to consider the propriety and ex- 
pediency of erecting penitentiaries in suitable parts of the State for the 
more effectual employment and separation of prisoners, and of proving 
the efficacy of solitude on the morals of those unhappy objects.”’ 


After such earnest appeals, asserting the confident belief in the princi- 
ples of separation of convicts during imprisonment by men whose high 
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character and large ability gave great weight to their opinion, the Legisla- 
ture could not fail favorably to regard the prayers of the society 

But it was not till 1821, that, after the last effort of the society to ob- 
tain the necessary and essential legislation, the Jaw was passed on March 
20, 1821, for the erection of a State Penitentiary within the city and 
county of Philadelphia. 

Justice, simple justice, to the labors which resulted in the enactment of 
this law, and the men who secured its passage, makes it proper to give 
this memorial of the society on which the Legislature was induced to act. 
It is a statement, or the epitome of the reform, for the half century pre- 
ceding its publication : 


To the Senate and House of Representatives of the Commonwealth of Penn- 
sylvania in General Assembly met : 


The memorial of the Philadelphia Society for Alleviating the Miseries 
of Public Prisons, respectfully represents : 

That it is now nearly forty years since some of your memorialists asso- 
ciated for the purpose of alleviating the miseries of public prisons, as well 
as for procuring the melioration of the penal code of Pennsylvania, as far 
as these effects might be produced through their influence. 

In performance of these duties which they believed to be required of 
them by the dictates of Christian benevolence and the obligations of hu- 
manity, they investigated the conduct and regulations of the jail, and 
likewise the effects of those degrading and sanguinary punishments which 
were at that period inflicted by the laws of this Commonwealth. The 
result of these examinations was a full conviction that not only the police 
of the prison was faulty, but the penalties of the law were such as to frus- 
trate the great ends of punishment by rendering offenders inimical, instead 
of restoring them to usefulness in society. 

With these impressions, alterations in the modes of punishment and im- 
provements in prison discipline were from time to time recommended to 
the Legislature, by whose authority many changes were adopted, and 
many defects remedied. 

Jhese reforms, from the nature of existing circumstances, were, how- 
ever, of comparatively limited extent, but as far as the trial could be 
made, beneficial consequences were experienced. 

Neighboring States and remote nations directed their attention to these 
efforts, and, in many instances, adopted the principle which had influenced 
the conduct of Pennsylvania. 

At the time of making the change in our penal code, substituting soli- 
tude and hard labor for sanguinary punishments, the experiment was 
begun in the county jail of Philadelphia, rather than the execution of the 
laws should be deferred to a distant period, when a suitable prison might 
be erected. Under all the inconveniences then subsisting, the effects 
produced were such as to warrant a belief that the plan would answer the 
most sanguine wishes of its friends, if it could be properly tried. But 
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the construction of that prison and its crowded condition, being the only 
penitentiary used for all the convicts of the State, leave but slender hopes 
of the accomplishment of the humane intentions of the Legislature. 

Your memorialists believe that they discover in the recent measures of 
the Commenwealth, a promise which will fulfill the designs of benevo- 
lence in this respect. The edifice now in progress at Pittsburg for the 
reception of prisoners, constructed upon a plan adapted to strict solitary 
confinement, will go far towards accomplishing this great purpose ; and 
your memorialists are induced to hope that the same enlightened policy 
which dictated the erection of a State*prison in the western, will provide 
for the establishment of a similar one in the eastern part of the State. 

Reasons of the most serious and substantial nature might be urged to 
show the absolute necessity which exists for a penitentiary in the city and 
county of Philadelphia, whether we regard the security of society or the 
restoration of the offenders against its laws. It will not be necessary here 
to recite the alarming proofs which might be adduced in support of their 
opinions, but refer to the documents herewith furnished, which exhibit 
the actual condition of the prison. Your memorialists, therefore, respect- 
fully request that you will be pleased to take the subject under your seri- 
ous consideration, and if you judge it right, to pass a law for the erection 
of a penitentiary for the Eastern District of the State, in which the benefits 
of solitude and hard labor may be fairly and effectually proved. 

Signed by order and on behalf of the Society. 

WILLIAM WHITE, President. 
WILLIAM ROGERS, Vice. President. 
THOMAS WISTAR, Pice-President. 


NICHOLAS COLLIN, 
SAMUEL POWEL GRIFFITHS, 
JOSEPH REED, 
ROBERTS VAUX. 
Attest: CALEB CrEsson, Secretary. 


This agitation of the reform in both the penal laws and system of 
convict punishment, though originating and developed in Philadelphia, 
extended to the western part of the State. On the 3d of March, 
1818, the Legislature authorized the erection in the county of Allegheny, 
of a State penitentiary on the ‘‘solitary’’ plan, and in 1820 it was in the 
course of completion. 

The non-association of prisoners being the primary object of the friends 
of the movement at its inception, and the congregation of all ages, sexes, 
and degrees of criminality being the gross evil sought to be abolished, it 
was necessary to suggest a method of incarceration which was in radical 
antagonism to the existing abuse. More intent in the trial of the proposi- 
tion than in designating it by any special term, the word solitary seemed 
almost unconsciously to assert itself as the descriptive name of the re- 
formed system. It was not in any sense the technical definition, and it 
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in some degree eliminated the idea of solitary, as contradistinguished to 
the associate or congregate relations of all prisoners in the county prisons 
or jails. 

The use of this term ‘‘solitary’’ was most unfortunate in the first days 
of the trial of the new theory. Very much of the opposition that arose 
against it came from the misconception of the subject by the use of this 
word. 

The Allegheny prison was designed by Mr. Haviland, an architect of 
Philadelphia, of very high professional repute. As there was no example 
on which to rely for the plan of the building intended for the complete 
and unexceptional separation of convicts during imprisonment, Mr. Havi- 
land had to conceive the plan of the building from the information he 
could obtain from its advocates, and those few who were enlisted as its 
promoters. 

The drawings for the Pittsburg prison, as it was called, were from the 
first impressions of what was necessary. 

In 1821, when the Eastern or Philadelphia State Penitentiary was 
erected, Mr. Haviland’s experience suggested many improvements, so 
that the Eastern Penitentiary, in 1829, when it was opened for the recep- 
tion of convicts, was of course regarded as the true exposition of the sepa- 
rate, called however the solitary, system. 

An examination of the corridors first erected prior to 1829, and those 
erected in 1872, will give the best idea of the improvements which experi- 
ence made manifestly necessary. 

Naturally so radical a change in the criminal law, act April 23d, 1829, 
and the mode of convict punishment, act March 20th, 1821, and the act 
of 28th March, 1831, as followed the partial completion of the solitary 
prison, and the enactment of these laws relating to crimes and penalties, 
caused discussion, hostilities, and opposition. 


Better to condense the arguments of the friends and opponents of the 
Pennsylvania prison system, as it was then styled, the following extracts 
are given from then accepted authority : 


Roberts Vaux, in his reply, 1827, to Mr. William Roscoe, of London, 
thus answers his chief objections : 


“Tt is very evident to my mind that the true nature of the separate con- 
finement which is proposed, requires explanation. I will, therefore, en- 
deavor to describe what is intended by its friends. Previously, however, 
it ought to be understood that the chambers and yards provided for the 
prisoners are like anything but those dreary and fearful abodes which the 
pamphlet before me would represent them to be, ‘destined to contain an 
epitome and concentration of all human misery, of which the Bastile of 
France and the Inquisition of Spain were only prototypes and humble 
models.’ The rooms of the new penitentiary at Philadelphia are fire- 
proof, of comfortable dimensions, with convenient courts to each, built on 
the surface of the ground—judiciously lighted from the roof—well-venti- 
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lated and warmed, and ingeniously provided with means for affording a 
continual supply of excellent water, to insure the most perfect cleanliness 
of every prisoner and his apartment.* They are, moreover, so arranged 
as to be inspected and protected without a military guard, usually though 
unnecessarily employed in establishments of this kind in most other 
States. 


‘* In these chambers no individual, however humble or elevated, can be 
confined, so long as the public liberty can endure, but upon conviction of 
a known and well-defined offence, by a verdict of a jury of the country, 
and under the sentence of a court fora specific time. The terms of im- 
prisonment it is believed can be apportioned to the nature of every crime 
with considerable accuracy, and will no doubt be measured in that mer- 
ciful degree which has formerly characterized the modern penal legisla- 
tion of Pennsylvania. Where, then, allow me to inquire, is there in this 
system the least resemblance to that dreadful receptacle constructed in 
Paris during the reign of Charles the Fifth, and which at different 
periods, through four centuries and a half, was an engine of oppression and 
torture to thousands of innocent persons ; or by what detortion can it be 
compared to the inquisitorial courts and prisons that were instituted in 
Italy, Portugal and Spain, between the years 1251 and 1537? 


‘With such accommodations as I have mentioned, and with the mod- 
erate duration of imprisonment contemplated on the Pennsylvania plan, 
[ cannot admit the possibility of the consequences which thy pamphlet pre- 
dicts, ‘that a great number of individuals will probably be put to death 
by the superinduction of diseases inseparable from such mode of treat- 
ment.’ Ido not apprehend either the physical maladies so vividly por- 
trayed, or the mental sufferings which, with equal confidence it is prom- 
ised, shall ‘ cause the mind to rush back upon itself and drive reason from 
her seat.’ On the contrary, it is my belief that less bodily indisposition, 
and less mortality, will attend separate confinement than imprisonment 
upon the present method, for which some reasons might be given that 
would be improper here to expose. 


‘* By separate confinement, therefore, it is intended to punish those who 
will not control their wicked passions and propensities, thereby violating 
divine and human laws; and, moreover, to effect this punishment, with- 
out terminating the life of the culprit in the midst of his wickedness, or 
making a mockery of justice by forming such into communities of har- 
dened and corrupting transgressors, who enjoy each other’s society, and 
contemn the very power which thus vainly seeks their restoration and 
idly calculates to afford security to the State from their outrages in the 
future. 

‘In separate confinement every prisoner is placed beyond the possibility 
of being made more corrupt by his imprisonment, since the least associa- 


* The exact size of the chambers is eight feet by twelve feet, the highest point 
of the celling sixteen feet. The yards are eignt feet by twenty feet. 
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tion of convicts with each other must inevitably yield pernicious conse- 
quences in a greater or less degree. 

‘*In separate confinement the prisoners will not know who are under- 
going punishment at the same time with themselves, and thus will be 
afforded one of the greatest protections to such as may happily be enabled 
to form resolutions to behave well when they are discharged, and be bet- 
ter qualified to do so; because plans of villainy are often formed in jail 
which the authors carry into operation when at large, not unfrequently 
engaging the aid of their companions, who are thereby induced to commit 
new and more heinous offences, and come back to prison under the 
heaviest sentences of the law. 

*‘In separate confinement it is especially intended to furnish the crimi- 
nal with every opportunity which Christian duty enjoins for promoting 
his restoration to the path of virtue, because seclusion is believed to be 
an essential ingredient in moral treatment, and, with religious instruction 
and advice superadded, is calculated to achieve more than has ever yet 
been done, for the miserable tenants of our penitentiaries. 

‘In separate confinement a specific graduation of punishment can be ob- 
tained, as surely and with as much facility as by any other system. Some 
prisoners may labor, some may be kept without labor; some may have 
the privilege of books, others may be deprived of it ; some may experi- 
ence total seclusion, others may enjoy such intercourse as shall comport 
with an entire separation of prisoners. 

‘In separate confinement the same variety of discipline for offences 
committed after convicts are introduced into prison which any other mode 
affords can be obtained, though irregularities must necessarily be less fre- 
quent, by denying the refractory individual the benefit of his yard, by 
taking from him his books or labor, and, lastly, in extreme cases, by 
diminishing his diet to the lowest rate. By the last means the most fierce, 
hardened, and desperate offender can be subdued.”’ 


The attention of leading minds in Europe was directed to these experi- 
ments in Pennsylvania. 


England sent, in 1834, Mr. Crawford, a commissioner, to examine the 
Eastern State Penitentiary. They were followed by Mr. Beaumont and 
Mr. DeTocqueville, from France, and by Dr. Julius, from Prussia. The 
investigations made by these very able men were so satisfactory that in 
those countries reforms were adopted which largely partook of the princi- 
ples incorporated in the Pennsylvania prison system. 


From the date of the opening of the Eastern State Penitentiary for the 
reception of convicts (1829) until 1845. the subject of the adaptation of 
the system to its design received the careful attention of those so earnestly 
devoted to the success of the experiment. There has been no legislative 
change in the system as adopted in the Eastern State Penitentiary since 
the act establishing it, 1821. 

It would burden this paper to give the results reached as they were 
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developed. The criticisms which were made by those who doubted its 
practicability, who opposed its principle, who believed it would be injuri- 
ous in its effects on those subjected to its operation, and who feared the 
cost would not pay for its benefits, were continued, and, strange it is to 
say, yet continue, though the experience of half a century refutes them. 

The philosophy of ‘‘separate or individual treatment’’ of prisoners dur- 
ing incarceration is the basis on which this system rests. 

The originators and early advocators of a method of convict punish- 
ment, which as they then knew was only to be the non-association of all 
criminals in a common jail, were content if this reform could be secured. 
Such a plan having been adopted and putin operation, the principle of 
the experiment of constant separation of individual convicts in prison be- 


came the subject of careful study. 


The objections were magnified as it became apparent that the idea of 
making profit out of the associate labor of prisoners was, though a super- 
ficial, a popular view, addressed to both the prejudices and the susceptibili- 
ties of the tax-payer. In every other State then, but Pennsylvania, the 
congregate system was accepted because it was claimed that these prisons 
could be self-supporting. This delusion is now being dispelled. Yet 
these self-supporting prisons demanded the public favor, and to secure 
this result prisoners were sold to contractors, who paid a fixed sum per 
diem for their toil, and made from their associate work in shops, large 
profits for these employers. So great a stimulus to the greed of. those in- 
terested, and the indifference of the public, at last resulted in changing 
the Pittsburg Penitentiary from the separate into a congregate prison. 


It was left to the Eastern State Penitentiary to defend the separate meth- 
od. The progress made in the adaptation of punishment to each individual 
case, as experience and careful study demonstrated was practically for the 
best interest of the prisoner and the community, became singularly satis- 
factory. 

From 1845 to 1855 the advance in the development of the promised ad- 
vantages to the convict and society of this reform in prison discipline, 
marked a new era in the history of convict punishment. 


During this period the experience gained by the advocates of the sepa- 
rate system enabled the authorities of the Eastern Penitentiary to ascer- 
tain the improvements that were necessary both in the architecture of the 
building, and the method of administering the discipline. 


The corridors and the cells as they then existed were found to be ill- 
suited to the special mode of management then being inaugurated. To 
indicate these changes, it may be stated that the rooms now, 1884, con- 
structed for each prisoner, are eight feet wide, eighteen feet long, fourteen 
feet high, with double skylights in the ceiling, each five feet long by five 
and one-half inches inside width. There are air-tubes near the floor for 
outside ventilation. Fach room has gas, fresh water, and a closet with 
perfect drainage, through a pipe four inches in diameter, into a ten-inch 
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main filled with water, flowing into a sewer, all flushed daily. The moral 
effect of these surroundings of each prisoner cannot be overestimated. 

It was not until 1870 that the knowledge acquired by those directly con- 
nected with the administration of the Eastern State Penitentiary, was so 
thoroughly digested as to justify them in establishing the changes in the 
treatment of the prisoners, and the improvements in the buildings erected 
in 1877, which give to this institution its present characteristics. It is now 
attracting the close examination of the most enlightened men of America 
and Europe. France is earnestly investigating it, and the Prison Society 
of Paris preéminently leads the exposition of its methods. These changes 
from the original structure of the cells, and the relations of the prison au- 
thorities with the prisoners are best described as radical. Philosophy has 
consummated what philanthropy originated, and experience has developed 
what the founders of the Pennsylvania prison system were not gifted to 
foresee. These men, worthy as they are of the highest commendation, 
began an experiment out of which have been evolved principles of science 
that, now in operation, create new and distinctive duties and responsibili- 
ties between society and its criminals. 

The present system of convict punishment as administered in the East- 
ern State Penitentiary can best be described as the individual treatment 
method of applying punishment for crime. It formulates this reform on 
positive philosophic principles. 

The individual commits crime from motives with which the will, char- 
acteristics, inherited traits and training are related. This crime-cause is 
different in each case. The crime is the development of these concurrent 
influences. Society has suffered by the act of this person. It demands 
an expiation in some sort forthe premeditated wrong. Security for either 
the rights of property or the rights of persons has been impaired by this 
act. The offender must be punished. It must be an example expressing 
the supremacy of law, the prevention of crime, and the purpose of restor- 
ing the offenders to society, instructed and strengthened, if so be, for good 
citizenship. The oftender is convicted for the crime and the court sen- 
tences him to imprisonment. He is thus placed where his punishment 
can be applied. From the conception of the crime, in its commission, at 
the trial, conviction and sentence, the prisoner’s individuality asserts 
itself. These antecedents crystallize round the individual. His punish- 
ment, to be effective, should therefore be applied to him as an individual. 
Separated from all other prisoners, the means which his case requires can 
be best discovered and best adapted to obtain the result society demands. 

Under these conditions each prisoner is subjected to the discipline. 
Whatever may serve to elevate his moral character and strengthen it, to 
induce reform and inspire better aims in life, are addressed to his devel- 
oping remorse. Special aptitudes and particular capacities are cultivated. 
Books for instruction and labor for training to industry are regarded as 
essential. A certain sum is allowed, over the costof maintenance, for the 
prisoner to aid in the support of his family, or for himself when he is 
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released. Visits from his family and judicious persons are encouraged. 
Every prisoner is, therefore, treated as his case requires. The purpose as 
to each of all is to try and change his course of life, and thus benefit him 
and society. It is believed this method is successful in a large majority of 
first convictions of first offenders. 

Incarceration is not punishment, it is only the condition under which it 
may reasonably be applied. Continuous labor during incarceration does 
not in itself constitute the entirety of punishment. It should be, how- 
ever, adopted as an instruction, an element or marked feature in the dis- 
cipline, with other instructions in the process of making punishment a 
personal benefit and an advantage to the public. Teaching a prisoner a 
trade, by which he may become self-supporting on his release from pun- 
ishment, is a gain both for him and the community. That is labor which 
pays in morals, and as an industry intended to be both punitive and refor- 
matory, it pays as an economy. It is doubtful if the man or the State 
gains any practical good by the incarceration at labor only, of violators of 
law. It is not doubtful that the outcome of congregating convicts at labor 
as their only punishment is dangerous to the general security. From this 
association a crime-class is established to war on the general welfare as its 
occupation. Punishment should attempt to reconstruct the enfeebled or 
irrational or misdirected character. 

To discover the crime-cause, the weaknesses, the untanght and corrupted 
conditions and the positive needs of each convict is the antecedent of any 
rational method for his treatment in prison, and for the application of any 
moral alterative or corrective. This is undoubtedly the purpose, the aim 
and the gain of punishment. In this view the subject is elevated out of 
the domain of benevolence to the character of an important social science. 
It is this philosophy which regulates and charucterizes the individual 
treatment of the Eastern State Penitentiary. To attain this purpose re- 
quires trained and competent officials, who, by long service, become qual- 
ified for their duties. It must be for them a vocation. Their tenure of 
positions must originate in high character, and continue with their useful- 
ness in their responsible trust. 

In the fifty-three annual reports of the Inspectors of the Eastern State 
Penitentiary will be found the history of the growth of the experiment 
which originated in Philadelphia a century ago. These reports, from the 
year 1829 to the present time, contain very interesting descriptions of the 
merits, and the objections to the separate system, and, from 1870 to 1883 
inclusive, a thorough explanation of the changes and improvements in the 
system, and an exposition of the scientific principles which underlie them. 

It may be justly claimed that the reforms in prison systems, or their 
administration, in the United States, as well as in foreign countries, are 
the out-come of the century of labors, efforts, and experience of the be- 
nevolent and philosophic men who in Philadelphia originated and have 
given to the Pennsylvania system its renown. 

And it may with equal justice be maintained that those reforms in con- 
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vict punishment which are now so general are identified with the initial 
experiment in the Commonwealth of Pennsylvania. 

It would doubtless be out of place in this paper to discuss the evils 
which attach to the profit-making congregate prisons. 

The peril to society, the corrupting influences, the degradation and 
training in crime, which are inseparably connected with association of 
convicts, must exist while it is maintained. 

It need only be stated that in old communities, or States where those 
who are convicted of crimes, of whatever physical and mental condition, 
capables and incapables, are indiscriminately incarcerated in a prison on 
the congregate, profit-making, self-supporting plan, the outcome exceeds 
the income. As a fact, underall the circumstances, such institutions can- 
not be proved to yield a profit to the State. 

The theory of self-supporting congregate prisons under the conditions 
just mentioned is not always sustained. The sturdy adults, selected from 
the aggregate of all persons convicted in a State, may yield by their asso- 
ciate labor a profit to the prison. If so, then such a prison is a State man- 
ufactory. This is not regarded as a judicious adaptation of the purpose 
of a penal institution for the punishment of offenders against social 
security. 

The State Penitentiary at Philadelphia is the only institution in the 
United States in which the ‘‘ Individual treatment system ”’ is administered. 
In England some of its features are engrafted on the penal discipline ot 
its prisons, so far as the social conditions of that country accept them as 
practical. In France, Belgium, and Italy, greater progress than elsewhere 
in Europe has been made in adopting the separate plan in the prisons of 
those nations. 

In some of the States of the Union there is a gradual approach to the 
principle of separation of convicts in prison, and a tacit acknowledgment 
of the value of the Pennsylvania system. The chief obstacle to a more 
thorough conformity is the proclaimed cost. It is hardly possible to con- 
vince those who legislate for, orconduct State penal] institutions, even in 
States claiming to be enlightened, that any plan which does not pay its 
expenses is for the general interest of the people. Under this pretext this 
general delusion is vitalized. Till it shall be acknowledged a delusion, 
and the substantial interests of the public best considered by adopting the 
reform which is slowly manifesting its value, the Pennsylvania system 
must wait for its coming triumph. How long a period may intervene is 
problematical. Be it as it may, it must not deter ordishearten. The pro- 
cess of development in social science is necessarily deliberate. The con- 
sideration and clear comprehension of the relations of society to the vio- 
lators of its laws are unattractive to the mind of the public. The code 
defining crimes changes as social conditions change. Education, hered- 
ity, customs, prejudices, false training, insubordination, and bad assovia- 
tion, are among the incentives to unregulated individual conduct in com- 
munities, and thence crime is the outcome. How to deal with these 
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changing social growths is best to be found in the philosophy of the indi- 
vidual treatment of crime-cause, and its appropriate remedies. 

That such a conclusion will be reached, as penology is studied, is most 
likely. If so, it will be the conviction of the judgment which comes from 
the demonstration of the principles which, since 1790, in this city have 
been taught as the science of convict punishment. This advance will be 
slow. It must be remembered that Beccaria in his essay on ‘‘ Crimes and 
Punishment’’ in 1764; Filangieri in his ‘‘ Science of Legislation ’’ in 1780 
and Montesquieu in his ‘‘Spirit of the Laws,’’ 1748, were among the first 
to invite attention to penal jurisprudence. A century elapsed before 
practical advantages testified to the effect produced from this discussion of 
the subject. The Pennsylvania prison system rests its claim for recogni- 
tion and adoption on the suggestions of philosophy, and the teaching of 
experience, confirmed by half a century of trial. It must teach, and wait. 


Notes on the Stromateide. By Theodore Gill. 
(Read before the American Philosophical Society, July 18th, 1884.) 


The grave errors into which Dr. Giinther seems to have fallen in the 
treatment of certain forms of this family furnish my excuse for the pres- 
ent communication. Dr. Giinther has reiterated, without change, opin- 
ions enunciated twenty years ago, and he still separates widely forms of 
one of the subfamilies of this family, dispersing representatives thereof 
among four of his ‘‘ families’ and associating them in several cases with 
forms with which they have no affinity. Following Dr. Ginther in the 
first instance Dr. Day has also misunderstood one of the types in question, 
and Dr. Liitken has likewise been deceived as to the relationships of the 
same form. 

The family, as here understood, is co-equal with the Stromateide of Dr. 
Giinther, with the addition of several types widely scattered by that gen- 
tleman. It embraces in fact, (1) the Stromateide recognized as such by 
Dr. Giinther, (2) the genus Pammelus of his Carangide, (3) the species 
Psenes anomalus of his Nomeida, and (4) the genus Schedophilus of his Cory- 
phenide. There are two quite distinct types in the group thus constituted, 
(1) one represented by Stromateus and its allies, and (2) the other by 
Centrolophus and relatives. These are distinguished by differences in 
the development of the vertebre, the former having 14-15 abdominal and 
17-21 caudal vertebre, and the latter 11 abdominal and 14 caudal verte- 
bree ; these differences are supplemented by variations in the degree of 
complexity of the peculiar appendages representing and homologous with 
the gifl-rakers of ordinary fishes, developed from the last branchial arch, 
and extending into the wsophagus. It is quite possible, therefore, that 
the two types, now retained as sub-families under the old names Siroma- 











‘ 





1884.) 665 (Gill. 


teine and Centrolophina, should be distinguished as families. It is only the 
want of sufficient data respecting the several genera that delays such a 
recognition at the present time. 

The Centrolophine appear to be the most generalized type, the ventrals 
being fully developed and retained in all stages, the dorsal and anal spines 
normally developed, and the preoperculum in some always retaining the 
spines characteristic of the youth of the Scombroid fishes, while the Stro- 
mateinz contrast more or less in all these several features, and also have 
more specialized gill-rakers or processes. 

A summary of the known types of the family will give the means of 
better appreciating the relations of the forms to be specially considered. 


Family STROMATEID &. 
Synonymy. 
>Stromatini, Rafinesque, Indice d’Ittiolog. Siciliana, p. 39, 1810. 
xX Fiatolides, Risso, Hist. Nat. de 1’ Europe Mérid., t. 3, pp. 107, 287, 1826. 
<Stramateide, Adams, Manual Nat. Hist., p. 98, 1854. 
>Stomateide, Ginther, Archiv fiir Naturg., 28. Jahrg., B. 1, p. 59, 1862. 
, Gill, Proc. Acad. Nat. Sci. Phila. [v. 14], p. 126, 1862. 
(Indicated but not named or defined. ) 
>Stromatei, Fitzinger, Sitzungsber. K. Akad. der Wissench. (Wien), B. 
67, 1. Abth., p. 32, 1873. 
>Stromateide, Ginther, Int. to Study of Fishes, p. 452, 1880. 
=Stromateide, Jordan and Gilbert, Syn. Fishes N. Am., p. 449, 1882. 
Scombroides gen., Cuvier et al. 
Psettoidei gen., Bleeker. 
Coryphenoidei gen., Bleeker. 
Coryphenide gen., Ginther. 
Carangide gen., Ginther. 
Nomeide sp., Ginther. 

Scombroidea with an elongated dorsal whose foremost rays only are more 
or less spiniform and the gill-rakers of the upper segment of the last branch- 
ial arch enlarged and dentigerous or sacciform, and projecting backwerds 
into the cesophagus.* 

Body generally compressed, with the form regularly ovate or sub-or- 
bicular, but sometimes more or less oblong or elongate, highest near the 
scapular region, and with the caudal peduncle suddenly constricted and 
slender. 

Anus in the anterior half of the body. 

Scales small, cycloid and smooth. 

Lateral line nearly concurrent with the dorsal outline. 

Head compressed, generally higher than long, with the profile more or 
less decurved in proportion to the height, and with the snout more or less 
convex. Eyes submedian or anterior. 





***The cesophagus is armed with numerous bony, barbed teeth,” Gunther, Cat. 
Fishes B. M., v. 2, p. 307. 
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Suborbital bones small. 

Opercular bones normally developed 

Nostrils double, in front of each eye. 

Mouth termina), moderate or small, with the cleft lateral and little 
oblique. 

Upper jaw in some (Stromateingz) not protractile, in others (Centro- 
lophinz) protractile. 

Teeth small and pointed, absent from the palate. 

Branchial apertures variable. 

Branchiostegal rays variable (5 to 7). 

Dorsal fin commencing at the nape or behind the bases of the pectorals, 
elongated, and with few small or rudimentary and often modified spines in 
front ; the soft rays branched. 

Anal fin commencing behind the anus and coterminal with the dorsal, to 
which it is similar in form and structure, but with fewer spines in front. 

Caudal fin more or less emarginated or forked. 

Pectoral fins inserted rather high on the sides, well develeped and pointed 
or rounded. 

Ventral fins thoracic or jugular when present, often absent (obsolete in 
the old, but developed in the young of some species). 

Branchie 4, with a cleft behind the last. 

Pseudobranchia developed. 

The pharyngeal bones beneath are separated. 

The stomach is ceecal, and the pyloric appendages in some numerous or 
dendritic, and in others developed in moderate number. 


Subfamily CENTROLOPHIN &. 
Synonymy. 


=Centrolophine, Gill, Cat. Fishes E. Coast N. Am., p. 34 (not defined), 
1861. 

=Centrolophine, Gill, Proc. Acad. Nat. Sci. Phila., p. 127 (not defined, 
but genera enumerated), 1862. 

=Centrolophine, Jordan and Gilbert, Syn. Fishes N. Am., p. 450, 1882. 

Corypheninie gen., Bonaparte, 1831, 1838, 1840, 1846, 1850. 

Stromateina gen., Gunther. 

Coryphenina gen., Gunther. 

Carangina gen., Gunther. 

Nomeina sp., Ginther. 

Stromateide with complex elongate gill-rakers, extending backwards 
from the epibranchials of the last branchial arch, 11 abdominal and 14 
caudal vertebre, protractile premaxillaries, and normally developed ven- 
tral fins (1.5) persistent through life. 


Although the constituents of this subfamily have been widely scattered, 
and still continue to be, their relations were appreciated and contended 
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for more than a score of years ago. One of the genera has had a singular 
history, which may be detailed more at length hereafter. Suffice it now 
to state that one species was originally described as a Centrolophus, and 
subsequently differentiated as a peculiar generic type under the names 
Leirus and Mupus, while another closely related was originally intro- 
duced as a Coryphena, again as a Trachynotus, and afterwards distin- 
guished as a new genus Palinurus, near Trachynotus. The name Pali- 
nurichthys, was substituted for it Nov., 1859, by Bleeker and about the same 
time, * in Jan., 1860 (Proc. Acad. Nat. Sci., Phila., 1860, p. 20), Gill also in- 
dependently proposed the name Palinwrichthys as a substitute for Palinurus. 
In the ‘‘ Catalogue of Fishes of the Eastern Coast of North America,’’ pub- 
lished in Feb., 1861 (p. 34), it was referred to the sub-family Centrolo- 
phine. In critical remarks on Dr. Giinther’s composition of the Scom- 
broid families (‘‘On the Limits and Arrangement of the Family of Scom- 
broids’’), published in March, 1862 (Proc. Acad. Nat. Sci. Phila., 1862, 
p. 127), it was claimed that “ nearly allied to the preceding [Stromateine] 
are the Centrolophine, with the genera Centrolophus Lac., Leirus Lowe, and 
Palinurichthys Gill, Blkr. (=Pammelas Gthr.). Closely connected to the 
Centrolophine are the genera Schedophilus Cocco and Hoplocoryphis Gill 
(type Schedophilua maculatus Gthr.).’’ A few lines further it was again 
remarked that among the forms that should be withdrawn from the Caran- 
gide was ‘‘ Pammelas Gthr., which is nearly allied to Centrolophus.”’ 
Finally, in Gill’s new ‘‘ Catalogue of the Fishes of the Eastern Coast of 
North America’’ (1872, p. 9 ), Palinurichthys was enumerated under the 
family ‘‘Stromateide’’ and the subfamily ‘‘Centrolophine.’’ Notwith- 
standing these explicit statements the genus has been retained by Dr, 
Giinther and Dr. Day next to Trachynotus, with which it has no affinity 
whatever. Its anatomy conclusively shows that the view, originally 
formed by the author from a consideration of its exterior, is perfectly cor- 
rect. It has the number of vertebre, epibranchial processes, &c., of Cen- 
trolophus, and in fact is scarcely, if at all, distinguishable from C. ovalis 
of European authors. 
CENTROLOPHUS. 


Synonymy. 


=Centrolophus, Lacépéde, Hist. Nat. des Poissons, t. 4, p. 441, 1802. 

<Centrolophus, Cuvier, Régne Animal, 2 ed., t. 2, p. 216, 1829. 

<Acentrolophus, Wardo, Prodr. Ichthyol. Adriat., sp. 

<Centrolophus, Ouvier and Valenciennes, Hist. Nat. des Poissons, t. 9, p. 
330, 1833. 

=Pompilus, Lowe, Proc. Zool. Soc. London, 1839, p. 81. 

Coryphena sp., Linneus, etc. 

Perca sp., Gmelin. 

Holocentrus sp., Lacépede. 


*The paper in the Proc. Acad. was probably published earlier than Dr. 
Bleeker’s, but happily the question is immaterial. 
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Centrolophine with an elongated body, and very slender spines, 
scarcely distinguishable externally from the succeeding rays. 
Type C. pompilus =Coryphena pompilus Linn. 


SCHEDOPHILUS. 
Synonymy. 


=Schedophilus, Cocco, Giorn. Innom. Messin., anno 3, No. 57, p. 57 (fide 
Bon.) 1834? 

=Schedophilus, Bonaparte, Fauna Italica, iv, Pesci, fol. 127 (marked 
132), 1839. 

Centrolophus sp., Cocco. 

Crius sp., Valenciennes. 


Centrolophine with an oval contour, about four short, stout spines con- 

stituting the foremost part of the dorsal, and a declivous or slightly pro- 

tuberant snout. 
8S. medusophagus —=Centrolophus medusophagus Cocco. . 
The generic characters of this type, if distinct, have not yet been satis- 

factorily contrasted with those of Zeirus. There is a singular discrepancy 

between the several figures of the types, most of which can, however, be 

satisfactorily accounted for. 


LEIRvs. 
Synonymy. 

??Lepterus, Rafinesque, Caratteri di alcuni n. gen. e n. sp. Animali e 

Piante della Sicilia, p. 52, pl. 10 (D. ii, 30; A. i, 14; P. 20; V. i,5), 

1810. 
?? Lepipterus, Rafinesque, Indice d’Ittiologia Siciliana, p. 16, 1810. 
==Leirus, Lowe, Proc. Comm. Zool. Soc., London, pt. 1, p. 143; Trans. 

Cambridge Phil. Soc., v. 6, p. 199, pl. 5, 1833. 
==Mupus, Cocco, Giorn. Innom. Messin. ann. —, p. —. 
<Crius, Valenciennes, Hist. Nat. des Iles Canaries, par Webb and Berthe- 

lot, t. 2, part 2, Poissons, p. 45, 1836-44, 
=Palinurus, Dekay, Zoology of New York, pt. 4, p. 118, 1842. 
==Mupus (Cocco), Bonaparte, Cat. Met. dei Pesci Europei, p. 77 (name 

only), 1846. - 
==Palinurichthys, Bleeker, Enum. sp. Pisc. Archipel: Ind., p. 22, Nov., 

1859. 
=Palinurichthys, Gill, Proc. Acad. Nat. Sci. Phila. [v. 12], p. 20, Jan., 

1860. 
=Pammelas, Giinther, Cat. Fishes in Brit. Mus., v. 2, p. 485, 1860. 
=Leirus, Jordan and Gilbert, Syn. Fishes N. Am., p. 452, 1882. 
Coryphena sp., Mitchiil. 
Trachinotus sp., Storer. 
Centrolophus sp., Quo. and Val., Giinther, etc. 
Pompilus sp., Lowe. 
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Centrolophine with an oval contour, six to eight short stout spines con- 
stituting the foremost part of the dorsal, and a protuberant snout. 
Type L. ovalis =Centrolophus ovalis, C. V. 


It is possible, perhaps probable, that the fish from which the following 
very unsatisfactory description was taken by Rafinesque was a specimen 
of the typical species of this genus. 

““XXXIII. G. Leprervs.—Capo troncato senza squame, dei denti alla 
mascella, inferiore sola nente, opercolo doppio, )’esterne spinoso, l’interno 
dentelato, base dell’ale dorsale, anale e caudale [p. 53] ricoperte dé 
squame, una sola ala dorsale con pochi raggi spinosi.— Oss. Il Carattere 
che distingue particolarmente questo genere dall’ Holocentrus si é quello 
delle sue ale squamose. 

“142. Sp. LeEpTERUS FETULA.—Nero al disopra, bianco al disatto, 
linea laterale curva nel mezzo, coda forcata, ala dorsale con 32 raggi di 
cui 2 spinosi, l’ala anale con 15 di cui 1 é spinoso.—Oss. Porta il nome di 
Fetula, & raro e poco stimato, ha alcuni piccoli denti acuti alla parte an- 
teriore della mascella inferiore, 1’ iride bianca, le ale pettorali con 20 raggi 
e le toraciche con 6 di cui il primo 6 spinoso ; la sua lunghezza é di circa 
mezzo piede.”’ 


Subfamily STROMATEIN 2. 
Synonymy. 


<Stromatia, Rafinesque, Analyse de la Nature, p. —, 1815. 
<Stromateini, Bonaparte, Iconografia della Fauna, Italica, t. 3, Pesci, fol, 
125 (contains Stromateus, Peprilus, [woarus and Kurtus), 1834. 
<Stromatine, Swainson, Nat. Hist. and Class. Fishes, etc., v. 2, pp. 177, 
253, 1839. (Includes Sesirinus, Stromateus, Peprilus, Kwrtus and 
Keris.) 
<Stromateini, Bonaparte, Nuovi Annali delle Sci. Nat., t. 2, p 133, 1838 ; 
t. 4, p. 275, 1840. 
<Stromateina, Ginther, Cat. Fishes in Brit. Mus., v. 2, pp. 855, 397, 1860. 
=Stromateine, Gill, Cat. Fishes E. Coast N. America, p. 35, 1861. 
=Stromateineg, Gill, Proc. Acad. Nat. Sci. Phila., 1862, p. 126, 1862. 
=Stromateineg, Jordan and Gilbert, Syn. Fishes N. Am., p. 450, 1882. 
Stromateidse with 14-15 abdominal and 17-21 caudal vertebrae, sacci- 
form processes extending backwards from the hindmost branchial arch, 
non-protractile premaxillaries, and with the ventral fins generally early 
atrophied or lost, and absent in adult—rarely persistent. 
Dr. Liitken recognizes two genera of Stromateine, viz. : 


I, STROMATEUS. 


Stromateing with ample branchial apertures. 
In 1862 Gill proposed to subdivide this type into four genera or subgenera, 
viz. * 
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1. STROMATEUS. 
Synonymy. 
<Stromateus, Artedi, Genera Piscium, p. 19, 1738. 
<Stromateus, Linneus, Systema Nature, ed. x, t. 1, p. 248, 1758; ed. 
xii, t. 1, p. 482, 1766. 
x Chrysostrome, Lacépéde, Hist. Nat. des Poissons, t. 4, p. 698, 1802. 
<Fiatola, Cuvier, Régne Animal [1' éd.], t. 2, p. 342, 1817. (Subge- 
nus.) 
<Stromateus, Cuvier, Régne Animal [2° éd.], t. 2, p. 212, 1829. 
>Seserinus, Cuvier, Regne Animal [2° ed.], t. 2, p. 214, 1829. 
<Stromateus, Cuv. & Val., Hist. Nat. des Poissons, t. 9, p. 372, 1833. 
xStromateus, Ginther, Cat. Fishes in Brit. Mus., v. 2, p. 397, 1860. 
—Stromateus, Gill, Proc. Acad. Nat. Sci. Phila. [v. 14], p. 126, 1862. 
Stromateus sp. auct. 
Stromatei with uniform dorsum, little produced dorsal and anal fins, and 
without an obvious pelvic spine. 
Type S. fiatola Linn. 


2. PEPRILUS. 
Synonymy. 
<Peprilus, Cuvier, Régne Animal [2° ed. ], t. 2, p. 213, 1829. 
<Rhombus, Cuvier and Valenciennes, Hist. Nat. des Poissons, t. 9, p. 401, 
1833. 

Cheetodon sp., Linn. 
Sternoptyx sp. Bloch and Schneider. 
Stromateus sp., Mitchill, etc. 

Stromatei with uniform dorsum, dorsal and anal fins extended vertically 
in front, and with a trenchant pelvic spine. 

Type P. alepidotus = P. longipinnis Cuv., ex. Mitchill. 


8. PoRoNoTUs. 
Synonymy. 
=Poronotus, Gill, Cat. Fishes E. Coast N. Am., p. (not defined), 1861. 
Stromateus sp., Peck, etc. 
Peprilus sp., Cue. 
Rhombus sp., Guo. and Val. 

Stromatei with a row of vertical slits on each side of the back between 
the dorsal fin and lateral line, with little extended vertical fins, and with 
a trenchant pelvic spine. 

Type P. triacanthus = Strom. triacanthus Peck. 


4. APOLECTUS. 

Synonymy. 
=Apolectus, QCuv. and Val. Hist. Nat. des Poissons, t. 9, p. 438, 1833. 
Stromateus sp. Bloch, Bleeker, etc. 
Stromatei with the lateral line keeled and shielded behind. . 
Type A. niger = A. stromateus Cuv. and Val. 
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II. STROMATEOIDES. 


Stromateine with restricted branchial apertures and without ventrals. 
There appears to be two types under this group, viz :— 


1. STROMATEOIDES. 
Synonymy. 


<Pamples, Cuvier, Regne Animal [2° ed.], t. 2, p. 212, 1829. 
<Pampus, Bonaparte, Fauna Italica, iii, Pesci, fol. 125,* 1834. 
<Stromateoides, Bleeker, Bijdrage tot de kennis der makreelachtige Vis- 
schen van den Soenda-molukschen archipel, pp. 19-20, in Verhandl. 
bataav. Genootsch., v. 24, 1857. 
<Stromateoides, Liitken, Vidensk Selsk. Skr. (5), Nat. og Muthem. Afd., 
v. 12, pp. 528, 602, 1880. 
Stromateus sp., Bloch, Giinther, etc. 
Stromateoides with higher body, elevated vertical fins, and prominent 
and extended trenchant dorsal and anal spines. 
Type S. cinereus Blkr., ex Bloch. 


2. CHONDROPLITES. 
Synonymy. 


=Chondroplites, Gill, Proc. Acad. Nat. Sci. Phila. [v. 14], p. 126 (not 
defined), 1862. 
Stromateus sp., Huphrasen, etc. 
Stromateoides sp., Bleeker. Liitken. 
Stromateoides with more oblong body, little elevated dorsal and anal 
fins, and concealed and subcartilaginous dorsal and anal spines. 
Type C. sinensis = Strom. sinensis, Euphrasen. 


PsENOPSIS. 
Synonymy. 


=Psenopsis, Gill, Proc. Acad. Nat. Sci. Phila., 1862, p. 157, 1862. 
Trachinotus sp., Zemminck and Schlegel. 
Psenes sp., Bleeker, Giinther, Liitken. 

Stromateine with persistent perfect ventrals (I, 5) and about 6 normal 
spines constituting the front of the dorsal fin. 

Type P. anomalus = Trachinotus anomalua, T. and 8S. 


The following genus may be mentioned in this connection because the 
Leirus perciformis as well as Psenopsis anomalus have been referred to it. 
Its affinities are uncertain. 


*“ Diamo il nome di Pampus al secondo sottogenere in cui accogliamo quelle 
specie che non hanno pinine ventrali, e portano innanzi ai raggi delle dorsali e 
dell’ anale parecchie spine terminate superiormente da una lamina tagliente,” 
Bonaparte, 
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PsSENES. 
Synonymy. 


Psenes, Cuvier and Valenciennes, Hist. Nat. des Poissons, t. 9, p. 259. 

Cubiceps, Lowe, Proc. Zool. Soc. London, p. 82, 1843. 

Atimostoma, .-Smith, Tllust. Zool. 8. Africa Fishes. 

Navarchus, Filippi and Verany, Mem. Acad. Sci. Torin. (2), t. 18. 

Trachelocirrhus, Dowmet, Revue et Mag. de Zool., t. 15, p. 212, 425, etc., 
1863. 

Cubiceps, Giinther, Cat. Fishes in Brit. Mus., v. 2, p. 388, 1860. 

Psenes, Ginther, Cat. Fishes in Brit. Mus., v. 2, p. 494, 1860. 


These synonyms are given chiefly on the authority of Dr. Liitken 
(Vidensk. Selsk. Skr. (5), Nat. og Math. Afd., v. 12, pt. 6, pp. 513, 601). 

The genus named Schedophilopsis by Dr. Steindachner* under the sup- 
position that it was nearly related to Schedophilus, has considerable super- 
ficial likeness to that genus, but apparently does not belong to the same 
family, and had réceived the slightly prior name Jcosteuvs. It is the repre- 
sentative of a peculiar family, Jcosteide, in Jordan and Gilbert’s Synopsis 
(p. 619). 


Stated Meeting, Aug. 15, 1884. 
Present, 2 members. 


An acceptance of membership was received from Dr. W. W. 
Keen, dated Philadelphia, July 19th, 1884. 

Letters of acknowledgment were received from the New 
Bedford Library; Yale College; University of the City of 
New York and Prof. J. J. Stevenson; U.S. Naval Institute ; 
Library of Congress; United States Surgeon-General’s Office ; 
United States Naval Observatory; United States Geological 
Survey, and the Chicago Historical Society (all for No. 115). 

Donations to the Library were received from the Egyptian 
Institute; the Department of Mines, Melbourne; the Geologi- 
cal Survey of India; the Netherland Archives; the Royal So- 
ciety of Northern Antiquaries; the Geological Society of Switz- 


*Schedophilopsis = Schedophilopsis Steindachner, Anzeiger Math. Nat. cl R. 
Akad. Wissensch. zu Wien,, 1881, p. 100 (S. spinosws), 1881. 
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erland ; Prof. E. Renevier; the Society of Sciences at Liége; M. 
E. Folie; M. Paul Albrecht; the Reale Accademia dei Lincei; 
the Observatory at Turin; M. Alessandro Dorna; M. Damiano 
Muoni; the Revue Politique; the Ecole des Mines; the Geo- 
graphical Societies of Paris and Bordeaux; the R. Academy of 
History in Madrid ; the Royal Meteorological Society ; London 
Nature; Mr. Benjamin Ward Richardson; M. F. Hugh 
O’Donnell; Rev. John Presland; Mr. Lewis Appleton; the Es- 
sex Institute; Prof. C. H. Hitchcock; the Boston Society of 
Natural History; the American Academy of Arts and Sci- 
ences; the Astronomical Observatory of Harvard College; the 
American Journal of Science; the New York Meteorological 
Observatory; the American Museum of Natural History ; 
Mr. A. N. Bell; J. & J. D. Nolan; the College of Pharmacy ; 
Franklin Institute; Pennsylvania Historical Society; the En- 
gineer’s Club; Mr. Benjamin 8. Janney; M. Leopold Delisle; 
Dr. Persifor Frazer; Mr. E. D. Cope; Major M. Veale; the 
United States Naval Institute; Johns Hopkins University; 
Chief of Engineers, United States Army; United States Na- 
tional Museum; United States War Department; Mr. Jed. 
Hotchkiss; Mr. Wm. A. Courtnay; Rev. Stephen D. Peet; 
and the Academy of Science at St. Louis. 

The death of Ferdinand Von Hochstetter, at Vienna, July 
18, 1884, aged 55 years, was reported by the Secretary. 

Communications from Prof. E. D. Cope were received as 
follows : 

“On the Structure of the Feet in the Extinct Artiodactyla 
of North America.” 

“Fifth Contribution to the Knowledge of the Fauna of the 
Permian Formation in Texas.” 

The President reported that he had appointed Messrs. Lesley, 
Phillips, Ingham, Rushenberger, Barker and Brinton, to meet 
the requirements of the resolution of the Board and Council, 


adopted Feb. 8, 1884. 


And the meeting was adjourned. 
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Stated Meeting Sept. 19, 1884. 
Present, 4 members. 


Letters accepting membership were received from Edward 
W.Syle, D.D., 609 Walnut Street, Philadelphia, August 29th ; 
from Sir John Lubbock, dated High Elms, Hayes, Kent, August 
6; and from N. A. Randolph, M.D., University of Pennsylva- 
nia, Medical Department, August 9, 1884. 

Acknowledgments were received from the Cambridge 
Library, England (110, 111, 112); W. L. Stevens (115); the 
Royal Academy of Sciences and Royal Zodlogical Society, 
Amsterdam (110, 111, — 112); the Franklin Institute (115); 
and the Maryland Historical Society (115). 

Letters of envoy were received from the Musée Guimet, 
August 23; the Manchester Library and Philosophical Society ; 
and the Cambridge Library, England, June 30. 

An invitation was received to assist at the Twenty-fifth An- 
niversary of the Natural History Society, at Chemnitz. 

A circular letter was received from Gen. C. B. Norton, re- 
specting the American Exhibition of 1886, at London. 

Donations to the Library were received from the Geological 
Survey of India; the Academy of Sciences at Batavia; the 
Royal Society of New South Wales; the Office of Mines at 
Melbourne; the Royal Society of Tasmania; the Physical- 
Central Observatory at St. Petersburg; the Imperial Society 
of Naturalists at Moscow; the Imperial Royal Central In- 





stitute, Geological Reichsanstalt, Zodlogico-Botanical, and 
Geographical Societies at Wien; M. August Tischner at Leip- 
zig; the Scientific Society of Upper Lusatia; the Royal Prus- 
sian Academy and German Geological Society at Berlin; the 
Royal Danish Society of Sciences; the Institute of the Grand 
Duchy of Luxembourg; the Royal Academy of Sciences at 
Amsterdam ; the Holland Society of Sciences, and Tyler Mu- 
seum ; the Royal Academy of Sciences, Royal Observatory and 
Department of the Interior at Brussels; the Venetian Institute 
of Sciences; the Royal Academy of Sciences at Turin; the 

















































1984.) 675 


Academy of the Lincei; the Royal Geological Committee of 
Italy ; the Tuscan Society of Natural Sciences; the Anthropo- 
logical, Zodlogical, and Geographical Societies at Paris; the 
Musée Guimet; the Royal Academy of History at Madrid; 
the Philosophical Society of Great Britain, the British Asso- 
ciation for the Advancement of Science, Royal Observatory, 
Meteorological Office, International Forestry Exhibition, the 
Royal Asiatic, Geographical, Zodlogical, Geological, Astro- 
nomical, Linnean and Antiquarian Societies and Nature, Lon- 
don; the Royal Cornwall Polytechnic Society ; the Manchester 
Literary and Philosophical Society; the Royal Irish Academy; 
the Royal Society of Canada; S. E. Cassino & Co.; American 
Philological Association ; A. Agassiz and F. D. Whitney; the 
American Antiquarian Society; the American Journal of 
Science ; the Torrey Botanical Club of New York; Dr. Wil- 
liam G. Stevenson, of Poughkeepsie; the Franklin Institute, 
the College of Pharmacy, J. P. Lesley and Henry Phillips, Jr.; 
the American Chemical Journal, American Journal of Phi- 
lology, Johns Hopkins University, and Edward Ingle, of Balti- 
more; the United States National Museum, the United States 
Fish Commission, the Smithsonian Institution, and Mrs Ermin- 
nie A. Smith, of Washington; J. Hotchkiss, of Staunton, Vir- 
ginia; Charles Colcock Jones, Jr., of Atlanta, Georgia; the 
Colorado Scientific Society, and M. Rafael Mallen, of Mexico. 

The death of Mr. Henry M. Phillips, at Philadelphia, August 
29th, aged 78, was announced. 

The death of Prof. Robert E. Rogers, M.D., at Philadelphia, 
September 6th, aged 77, was announced. 

“ Thermometrical Observations at Quito, Ecquador, taken by 
Mr. ©. B. Brockway, from September 17, 1858, to June 18, 
1859,” was presented by the Secretary, with a letter from Mr. 
Brockway, dated September 6th, 1884, in which he says: 

“T would call the attention of whoever examines the table 
to the equability of the temperature and that the heavy earth- 
quake shocks did not materially vary it. Since Humboldt’s 
stay at the Equator I think that no official observations have 
been taken.” 

And the meeting was adjourned. 
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Stated Meeting, October 3, 188 4. 
Present, 7 members. 
Mr. INGHAM in the Chair. 


Letters of acknowledgment were received from McGill 
University (114) and J. H. C. Coffin(115). 

Donations to the Library were received from the Depart- 
ment of Mines at Melbourne; the Geological Survey of India ; 
the Imperial Society of Naturalists, at Moscow; the Venetian: 
Athenzum ; Baron Ferd. von Mueller ; Revue Politique; Lon- 
don Nature; the Philosophical and Literary Society at Leeds ; 
the Alchemist of Montreal; the Boston Society of Natural 
History; the American Journal of Science; Mr. B. Silliman; 
the Connecticut Academy of Sciences; the Meteorological 
Observatory at New York; the Academy of Natural Sciences 
at Philadelphia; Mr. Henry Phillips, Jr.; the United States 
Geological Survey, the United States Fish Commission; the 
American Antiquarian; and Mr. J. B. Stallo. 

Mr. J. Sutton Wall, of Monongahela City, Pa., exhibited a 
canvas tracing of a group of Indian pictures cut on the top and 
sides of a half-buried block of sandstone perched on the bluff 
of the Monongahela valley, in Fayette county, Pa., opposite 
Millsborough, at a height of 290 feet above the river. A pho- 
tograph of the canvas was exhibited. 

Also a photograph of a tracing of similar figures on the 
rock shore of the river near Geneva, now submerged by a new 
slackwater dam. 

Also one of a carved rock on the Hamilton farm near the 
Evansville turnpike, six miles south-east from Morgantown, in 
West Virginia. This rock surface is vertical. 

In. answer to a question respecting the safety of such monu- 
ments, Mr. Wall replied that a fourth fine group, of which he 
had heard, was destroyed before he could obtain a tracing of it, 
the farmer who owned the land having blasted it up for foun- 
dation stone for his new house; and that the owner of the 
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large group on the canvas informed him of his intention to 
treat the perched rock in the same way, when he built his new 
barn. 

On motion of Mr. Phillips, it was 


Resolved, That the subject be referred to the consideration of the Board 
of Officers and Council at its next meeting, whether any steps can be 
taken by the Society to preserve such monuments from destruction. 


Mr. Lesley read a Note on a possible origin of the Pshent. 

Mr, E. B. Harden exhibited, through the Secretary, a square 
pipe of limonite, which had been deposited against the inside 
walls of a vertical wooden box, leading down to the sump of 
the Eagle shaft near Pottsville, Pa. The outside layer, first de- 
posited, was a beautifully perfect fac-simile of the inside rough 
face of the boards, showing the grain, saw cuts, and knots in 
the wood. The whole specimen admirably illustrated the forma- 
tion of selvage veins.* 

Dr. Syle presented a copy of the Chinese translation of 
Herschel’s Outlines of Astronomy, in three volumes, published 
at Shanghai, December, 1859. 

Pending nominations Nos. 1029, 1030 were read. 

The Kansas Academy of Science at Topeka was ordered to 
be placed on the list of corresponding societies for exchange of 
publications. 

The request of the Journal of Associate Engineering Socie- 
ties, Washington University, St. Louis, Mo. (Sept. 27), was re- 
ferred to the Secretaries. 

An appropriation was made for publishing a plate illustra- 
tion for the Proceedings, No. 117. 

The Hall Committee was authorized to prepare the north 
garrets for the reception of the stock of publications. 

And the meeting adjourned. 

*This specimen was analyzed by F. E. Bachman, Chemist of the Phcentx Iron 


Co., and found to consist of 76.17 per cent sesquioxide of iron, The residue con- 
tained very little silica, 
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On some Indian picture rocks in Fayette County, Pa. By Mr. J. Sutton 
Wall. 


(Read before the American Philosophical Society, Oct. 3, 1884.) 


The tracing on muslin (Plate I.), exhibited this evening, was made by 
Mr. William Arison, of Monongahela City, and myself, in the month of 
September, 1882. 

This rock is perched on the crest of the hill facing the Monon- 
gahela river, opposite the town of Millsborough, at an elevation of 290 
feet (by barometer) above water level of the river. It is a detached portion 
of the Waynesburgh sandstone which outcrops in the vicinity. Rather 
coarse in texture, it has a fairly even and smooth top surface, and is ap- 
proximately sixteen feet square, with perpendicular sides. The top of the 
hill, next to the river, terminates rather sharply, and the ground surface 
receding from the river has a gradual fall of about ten feet per hundred 
for a distance of perhaps eighty yards, and then rises into a more elevated 
hill to the eastward of the rock. The rock occupies a position from 
which a very fine view of the river and Ten Mile valley can be had. The 
edge of the rock next to the river rests about even with the ground sur- 
face surrounding it, while the opposite edge rests about three feet above 
ground. It is not fissile and the top surface would be difficult to remove. 
The outlines of the figures are formed by grooves on channels smoothly 
and regularly cut or incised in the top surface and on two sides, of the 
width shown on the tracing, and are from three-fourths of an inch to a 
mere trace in depth. The foot-prints and cup-shaped cavities are carved 
about the same depth, except the large circular disc, which also is a cupped- 
shaped cavity, about five inches in depth. There are the outlines of two 
animals carved on the sides, one on the south side, which is shown on the 
tracing, and the other on the east side, not shown. 

The figure composed of three connected links, with three lines or per- 
haps arrows drawn across them, I am inclined to place to the credit ot 
vandalism, which is still in rapid progress, and will ultimately destroy the 
original carvings. Some of the lines are becoming quite faint, owing no 
doubt to erosion by the atmosphere. We only traced those lines and por- 
tions of lines that were distinctly legible. 

Mr. Joseph Horner, and old resident of Millsborough, informs me that 
the figures were much more distinct, when he first saw them fifty years 
ago, than at the present time. A tradition exists in the neighborhood that 
the early settlers were informed by the Indians, that they had no knowl- 
edge of the authors of the carvings, but that they found them as the 
‘‘white men’’ then saw them. The tracing shows all the figures re 
versed, but by looking through the canvas from the other side you can 
see them in their true position, which may be done by placing lights bes 
hind it. The tracing was made by painting the grooves and indentations 
with a mixture of lamp-black and turpentine, and then spreading strips of 
muslin over the portions painted, and bY using a brush and our fingers, 
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the lines were transferred to the muslin ; after which it was sewed together 
in proper connection, and the lines made more permanent by repainting 
with diluted printers’ ink. Mr. E. B. Harden, of the State Geological Sur- 
vey, recently photographed a small portion of the top surface of the rock ; 
but was unable to obtain a proper position for photographing the whole sur- 
face. To do this properly an elevated position would be necessary at some 
distance from the rock. This could be done by the aid of a small amount 
of lumber and tools, which we did not have at hand at the time of our 
visit. 

Plate 2 is a reduction from a tracing on muslin (natural size), showing 
the figures carved on the surface of a rock located on the east shore of the 
Monongahela river, a half mile below Geneva, in Fayette county, Penn- 
sylvania. The rock has a fairly even and smooth upper surface, falling 
slightly toward the water, and is an eroded portion of the Morgantown 
sandstone in place. A portion of this rock containing figures was removed 
some years since, and used in constructing a building in Geneva. The 
figures thus removed I did not see. 

The execution of the carvings appears to be of the same character as 
that on the rock shown by Plate 1. The marked resemblance of many of 
the figures leads me to consider it of the same age and origin as the other 
carved rocks in this region. At the time of my visit, in 1881, the upper 
portion of the rock rested only about four feet above low water, and I 
have since learned that the portion containing the figures copied has been 
rendered inaccessible by the back water, formed in the pool from the con- 
struction of Lock and Dam, No. 7, at a point nearly two miles farther 
down the river. 

Plate 3 is also a reduction from a tracing of a carved rock located in 
West Virginia, near the north side of the Evansville pike, six miles south- 
east of Morgantown. This is along the crest of an elevated ridge, com- 
manding a fine view of the surrounding country. The ridge on either 
side of this pike is strewn with numerous large blocks of sandstone, evi- 
dently detached from their native bed, and many of them present excel- 
lent surfaces for carving. But I only found two of them to contain any 
figures, out of a large number which I examined in the vicinity. 

The figures shown on this plate were all found on one rock, and are 
represented in their true position. They are incised or cut in the top suface, 
evidently in the same manner as the rocks already mentioned. The small 
pot-shaped holes, buffalo and bear tracks form a common feature of all 
these pictured rocks, Each individual rock is however usually found to 
contain some figures not shown on others. Slight variations are also 
noticeable in the manner of representing certain animals and reptiles ; as 
for instance difference in posture. The rattlesnake is distinguishable by the 
line or bar which marks the termination of the body proper and shows the 
beginning of the rattles. The semi-circular figure on the left side of the 
plate forms, in my judgment, an interesting feature of this rock. It strikes 
me that this figure has been intended to represent a horse’s track or foot- 
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print. If this interpretation be a correct one, it goes toward fixing the 
age of the workmanship, and brings it within the historic period of North 
America. 


Stated Meeting, October 17, 1884. 


~ Present, 15 members. 
President, Mr. FRALEY, in the Chair. 


A letter requesting exchanges was received from Mr. J. C. 
Rowell, Librarian of the University of California, dated Berke- 
ley, October 1. On motion, the University of California was 
placed on the list to receive the Transactions and Proceedings 
from the beginning. 

A letter requesting missing numbers of Transactions and 
Proceedings American Philosophical Society was received 
from the Imperial Society of Nature, Moscow, dated Sep- 
tember 1. 

Donations to the Library were reported from the Royal So- 
ciety of Victoria; the Annales des Mines and Revue Politique; 
the Royal Academy of History at Madrid; the Meteorologi- 
cal Office, the Journal of Foresty and London Nature; Dr. 
Edward Jarvis, of Boston; Harvard University; the New 
York Academy of Sciences; the College of Pharmacy, the 
Franklin Institute, the Engineers’ Club, the American Journal 
of Medical Sciences, Rev. E. W. Syle, Mr. Heary Phillips, Jr., 
and L. R. Hamersly, of Philadelphia; the Maryland Histori- 
cal Society; the Bureau of Education, the United States 
National Museum and the Surgeon-General’s Office at Wash- 
ington. 

A paper on Herderite was read by Dr. F. A. Genth. 

A paper on the Language and Ethnographic position of the 
Xinka (Shinka) Indians of Guatemala was read by Dr. D. G. 
Brinton. The paper embraced two vocabularies of three dia- 
lects, the only known existing specimens of the language. 


Dr. Syle objected to the statement made in the memoir that the absence 
of native names of salt, maize, &c., must necessarily be taken as evidence 
that the aboriginal Xinkas did not know, or possess the articles until the 
advent of their Aztec and Maya conquerors ; adducing the fact that the 
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Japanese now use many Chinese names for things which they had before, 
and for which they had and still have their own names. 

Mr. Phillips instanced the adoption of the word *‘alcohol’’ by the En- 
glish, and their abandonment of “spirits of wine.’’ 

Dr. Brinton replied that the evidence was made stronger by the foreign 
words being repeated in all three dialects ; and that comparative philologists 
recognize the rule as a good one, and the inference as reasonable, that if 
the Xinka vocabularies have no native word for hat, and have instead the 
Spanish word sombrero, the hat was probably not an article of native dress. 


Mr. Ashburner described observations at the Luray caverns, 
and at the Natural Bridge, in Virginia, which he had made 
recently. 

He found by barometric and by direct measurements that the tradition- 
ary data of the French Engineers were exaggerated. Instead of 215’, he 
made the crown of the arch 185’ and 187’ above the stream. Instead of 
the popularly received 2000’ above tide, his connections with the nearest 
railway station made the stream 915’, and the crown of the arch 1102/ 
A. T., and the Hotel 1040’. The thickness of the bridge at the north side 
is 46’ ; at the south side 36/. 

Cedar creek flows beneath the bridge southward. The rock of the bridge 
is nearly horizontal. The rocks north of the bridge dip steeply towards 
it (é. ¢., downstream, southward) ; those south of the bridge dip percepti- 
bly also towards it (¢. ¢, upstream, northward). There is, therefore, a 
local synclinal at the bridge ; and Mr. Ashburner would thus account for 
the existence of the bridge at that particular point. The last remnant ot 
the roof of a long cavern, following a special stratum across a synclinal, 
would necessarily be left precisely in the axial line of the trough. 

The Luray cavern ramifies to great distances, but always in a particular 
group of limestone beds, limited to 65 feet. The cavern of the Natural 
Bridge must have been limited to a certain soluble horizon of the forma- 
tion. Its great height now is no safe index of the height of the cavern 
formerly ; nor of the width of the soluble rock zone ; but is to be ascribed 
to the vertical erosion of its channel by Cedar creek, in adjusting its water 
slope to the neighboring open lower country. 

Dr. Frazer remarked that when he visited the Bridge three years ago he 
noticed steep (45°+-) dips further south ; and therefore that the synclinal 
must be very local. 


Dr. Frazer desired to place on record his dissent from Prof. 
H. ©, Lewis's paper on a great trap range through Southern 
Pennsylvania, read at the late meeting of the American Asso- 
ciation for the Advancement of Science; because the discus- 
sion which followed the reading of that paper would not appear 
in the volume of the Transactions of the Association. 
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Trap Dykes in the Archean Rocks of Southeastern Pennsylvania. 
By Dr. Persifor Frazer. 


(Read before the American Philosophical Society, October 17, 1884.) 


Among the geological papers announced to be read in Section E of the 
late meeting of the American Association for the Advancement of Science, 
in Philadelphia, was ove by Prof. Henry Carvill Lewis on a Trap dyke in 
Eastern Pennsylvania, It describes a dyke which (its author asserted) 
had been overlooked by the speaker and other geologists in this portion of 
the State, and which was distinguished, both by its great length and by 
certain peculiarities of position,* from other dykes in Pennsylvania. 

This faulted dyke 1s supposed to have been laterally thrown for a dis- 
tance that was understood to be five miles as Prof. Lewis described it. 
But on hearing that the ‘‘hade’’ or dips were nearly vertical in both 
parts which it was thought were once in contact, Prof. James Geikie 
thought that any previous continuity of the two dykes must be aban- 
doned.+ 

In describing the course of his dyke, Prof. Lewis remarked, ‘Dr, 
Frazer failed to trace it through Chester county, though he has a small 
portion of it on his geological map in Easttown township ; nevertheless I 
have followed it over the surface, foot by foot, by the loose boulders on 
the surface ; and found it to be continuous,’’ or words to this effect. 

There happened to be on the wall the joined maps of the four counties 
which the speaker had prepared for the Second Geological Survey, viz: 
Adams, York, Lancaster and Chester, and he referred to them as follows: t 

The great amount of disintegration of the surface rocks of Chester 
county has caused a deep soil, which overlies a large portion of the rocks 
of the county on the line of this dyke, and the constant movement of this 
soil renders it very difficult to trace the buried outcrops by loose boulders 
and fragments. The consequence of this is that it one maps alt the locali- 
ties where masses of trap are found, and attempts to connect them by lines, 
the irregularity of the latter will inform him that he is probably not 
representing the facts of structure as they exist. In Adams county, where 
the decomposition is generally much less profound than in Chester, in the 

* The text of this paper is not at hand and the writer must trust his memory 
for its contents. It is very unfortunate that in the reports of the proceedings 
of Sections of the A, A. A.S., there should be no account tuken of the discus- 
sions on papers; especially in cases where statements are observed and 
pointed out which seem to be at variance with a cautious judgment of the 
facts. The disadvantage of this state of things to the cause to which the 
Association is nominally devoted is still further increased by the long period 
which must elapse before a paper finds its way into print. Error is notoriously 
fleet of foot, and with a year’s start may defy pursuit. 

t+ In a rather exceptionally full notice of this paper (omitting however men- 
tion of the objections to it) given in Science subsequently, the fault is stated to 
be several thousand feet, but the extent of the lateral displacement is men- 


tioned only as “large.”’ 
t The following remarks are quoted from memory and somewhat amplified. 
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region of the dykes, a great deal of work was necessary before the seeming- 
ly capricious outcrops could be brought into anything like order. Let any 
one look at the regularity of the three threads of trap passing from N. E. to 
5S. W. on the map of Adams county of the First Geological Survey, and 
compare it with the irregular and broken lines of the trap in the map of 
the same county by the present Survey, and he will find a case in point. 

It will not suffice to find three or four occurrences of fragments of trap, 
lying more or less ina straight line, in a distance of a mile or more, in order 
to assume a dyke of trap connecting them under the soil. 

On looking over the maps of the townships south of the Chester valley, 
which the speaker carried into the field when engaged in the Geological 
Survey, he remarks in a great many places notes of trap fragments on the 
surface. But with some experience in tracing the outcrop of this rock, 
he did not feel justified in connecting these isolated indications together, 
and he still doubts whether this should be done. The absence of a map 
of the dyke prevents him from saying how many of these occurrences are 
included within the dyke mentioned by Prof. Lewis, but no single dyke 
can include many of them. 

It is a very different matter if it is merely claimed that this supposed 
new dyke indicates the direction of a zone or belt of disturbance along 
which two, twenty, or fifty outbursts of igneous rock may have taken 
place, just as it is shown that in north-western York and central Adams 
counties, notwithstanding all the irregularity of the outcrops, there is a 
general zone along which the main outflows have taken place. 

The considerations which the speaker has so often urged in connection 
with this region, make the existence of such a belt exceedingly probable. 
(See Mémoire sur la partie 8. E. de la Pennsylvanie, pp. 90, 109-+-, etc.) It 
has been abundantly urged, both in this memoire and elsewhere, that the 
exceedingly straight southern limit of the Chester valley implies other 
causes at work than those of ordinary deposition: in other words, a great 
longitudinal crack along the southern side of which the lower measures 
were brought up ; that this great crack would in all probability be connected 
with others crossing or diverging from it hardly needs to be stated ; but 
if the speaker was unable to represent this line of fracture by a single 
well defined dyke, there are abundant allusions both to outflows of 
trap and to the existence of a belt of dislocation, as the following from 
C,* will show, p. 286. ‘‘The trap dyke, traceable only by its broken 
fragmentst on the surface, which has been alluded to as occupying the 
southern edge of 7redyffrin township, enters Zastiown,’’ etc. (here follows 
a detailed statement ofits course), * * * ‘‘ when its traces cease to be 
apparent, though a few scattering boulders and fragments of trap are met 
with.’’¢ 


*Geology of Chestercounty, Persifor Frazer, edited by J. P. Lesley. 

+Of course, a trap dyke may be assumed when the whole ground is made up of 
the larger or smaller fragments, but the question how many trap fragments will 
enable one to assume the presence ofa dyke is, like many others, not capable of 
a general answer. 

{The trap here referred to is part of the “great dyke” which forms the sub- 
ject of the paper above alluded to, 
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In the succeeding township, Wilistown, it is stated of the rocks: ‘‘* * * 
Southernmost of all, a bruad band of syenitic granite and hornblendic 
gneiss, in which latter are dykes of doierite (as near Lukens’), and 
another band of serpentine. How would these facts agree with the 
hypothesis hinted at above, that the lower Primal was represented by the 
pseudo-quartz porphyry and feldspar porphyry ; that this was overlain 
by the quartzite proper; this by schists, and this by limestone ; that there 
had been first a synclina] valley of all these, and finally a break iu or on 
the side of the valley, by means of which the lower measures had been 
thrown up on the south and planed off evenly,’’ etc. 

Under West Goshen township ‘‘fragments of dolerite are frequent, but 
no dyke was apparent.’’ In the description of West Marlborough town- 
ship, ‘‘Syenite apparently belonged toadyke, of which the exact position 
was not determined,’’ is noticed south of Doe run, and ‘‘ loose pieces of 
dolerite were deemed insufficient to warrant the placing of this formation 
on the colored map”’ (p. 307). In the description of Hast Nottingham, 
fragments of syenite are mentioned, &c., &c. (p. 343). 

In addition to the above references in the text of ©, to trap, there are marks 
in the following localities on township maps used in the field by the speaker, 
which indicate the presence of igneous rock fragments which were not 
placed upon the county map because not sufficiently indicative of the 
position of the parent dyke: Hast Goshen, N.E., N. and N.W. of Goshen- 
ville; West Goshen, near water works; Hast Bradford, near Copesville ; 
East Marlborough, near Unionville ; West Marlborough, 8.W. and N.W. 
of Upland, near and W. of Woodville, etc. ; Lower Oxford, near Lincoln 
University, etc.; Hasttown ; Willistown, near White House P.O., N. and 
N.W. of Sugartown ; Highland, near Gum Tree and near Fairview School 
House ; Kennett ; New Gardon, near Toughkenamon, etc. 


It is not pretended that these citations cover all the places where trap 
was found, but they will serve to indicate that in the opinion of some field 
workers, there is a long step to be taken from the occurrence of a num- 
ber of trap fragments on the surface to the establishment of a dyke in 
place. 

Prof. Lewis concluded his description by saying, that such a dyke 
would form an important feature in the geology of the State. In this the 
speaker agreed with him, though whether or not the line of the trap be as 
continuous as he has represented it, the belt of disturbance had been 
established long ago. 

But this dyke, if established, would be singularly confirmatory of the 
long fault and southern upthrow, which constitute the kernel of the speak- 
er’s hypothesis of the structure of the rocks in Southeastern Pennsylvania : 
for, that there should be a fracture filled with injected rock, following 
just the course which the speaker has ever maintained the fault to occupy, 
for ‘‘ninety miles ;’’ and that the upthrow in one place (not in Chester 
county) was, ‘‘several thousand feet,’’ in extent, would be clearly cor- 
roboratory of the speaker’s view. 
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The position of this belt is indicated, C, (J. ci.), as follows: * * * 
**These slates are bordered by a great belt of serpentine, of which 
the northérn boundary is nearly parallel with the southern margin of the 
limestone itself, as if the mass of schists intervening had about a uniform 
thickness, and that the serpentine were a true contact formation occurring 
between these schists and the lower rocks.”’ 

Attention was drawn to another statement of Prof. Lewis, viz: that the 
lithological characteristics of this dyke were constant throughout its range. 
This was entirely at variance with the speaker’s observation. There were 
strongly marked differences of texture, structure, and constitution between 
many of these outcrops in the townships south of the Chester valley, aad 
near Conshohocken. 


On Herderite. By F. A. Genth. 


(Read before the American Philosophical Society, October 17, 1884.) 


In the American Journal of Science [3], xxvii, 185-138, in an article on 
Herderite, by William Earl Hidden and James B. Mackintosh, the latter 
published his analysis of this rare mineral from Stoneham, Me. In aletter 
to the editors of the ‘‘ Neue Jahrbuch der Mineralogie, &c.,”’ of 1884, ii, 
134-136, Professor A. Weisbach gives the results of a comparative exami- 
nation of the original herderite from Ehrenfriedersdorf, Saxony, and: of 
that of Stoneham, Me., made at his suggestion by Dr. Cl. Winkler. 

These investigations, showing remarkable discrepancies not only be- 
tween Dr. Winkler’s analyses of the herderite from the two localities, but 
also between those of the two analysts of the Stoneham mineral, it was 
desirable to re-examine this interesting species. 

Iam under great obligations to Mr. George F. Kunz, who has kindly 
furnished me with the material for this investigation/ from whicn I was 
able to pick out over 2.5 grms. of pure crystals. 

Referring to the occurrence of herderite, he has sent me the following 
communication, dated New York, October 14th, 1884: 


“On revisiting the Stoneham locality I found that the herderite had all been 
“obtained from a vein of margarodite, four feet wide, about twenty feet long, 
“worked to a depth of ten feet. This vein is on the side of the top of Harndon 
“hill, about one hundred feet from the place where was found the topaz obtained 
“by me (see Proceedings New York Academy of Science, November and De- 
“cember, 1882, and American Journal of Science, Feb., 1883), and not in the same 
“pocket, as stated in the article, in the American Journal of Science, Jan. 7, 
** 1884. The vein is almost entirely margarodite, occurring here in unexampled 
“crystals. These at times cover spaces four or five inches square with distinct 
“perfect crystals of margarodite, also altering to serpentine, and associated 
**with it what is possibly topaz, altered into serpentine. 

“The herderite occurs almust invariably in crystals, implanted on the mar- 
“ garodite, crystals of quartz, and in a few instances on columbite. 

“ Between the herderite vein and the topaz vein worked by me were found the 
“large columbite and triplite. Two distinct crystals of triplite have been found 
“recently. 


a 
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“Signed, GEORGE F. KUNZ.” 
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The analysis of herderite presents great difficulties, and the following 
methods have been used in the different analyses : 


I. A portion of the material was slightly yellowish, aad probably con- 
taminated with a trace of mica. 1.0334 grm. were slowly ignited toa 
bright red heat in a well covered platinum crucible, and lost 4.80 per cent ; 
after ignition, the lid and outside margin of the crucible were found 
coated with a film, which, when moistened with water, gave a strongly 
acid reaction. 


About equal weights of silica and the mineral were fused with about six 
parts of sodium carbonate for one hour. The well-fused mass, which was 
greenish from a minute quantity of manganese, was lixiviated with water 
and should now have contained ali the phosphoric acid, and fluorine. The 
silica in the solution was precipitated by ammonium carbonate, and from 
its filtrate the remaining silica by zinc oxide, dissolved in ammonium car- 
bonate and ammonia. From the filtrate of the zinc silicate after evapora- 
tion to dryness and dissolving in water, the greater portion of the sodium 
carbonate was neutralized with dilute nitric acid, then precipitated with 
silver nitrate, keeping the liquid slightly alkaline. In the filtrate the 
balance of the fluorine (which had not been expelled by ignition), was 
precipitated together with calcium carbonate by calcium chloride, The 
mixed precipitate was ignited, dissolved in acetic acid, evaporated to dry- 
ness, the calcium acetate dissolved out by water and the calcium fluoride 
determined. It gave 1.57 per cent which would give, with that driven off 
by ignition, about 6.4 per cent. 

The zinc silicate precipitate was found to contain phosphoric acid. 


The portion insoluble in water was dissolved in a little hydrochloric 
acid and the clear solution precipitated by ammonia, and this separation 
twice repeated, and washed, until the filtrate was free from lime. The 
precipitate was ignited and weighed. It gave over 37 per cent and con- 
tained a large quantity of phosphoric acid. It was then re-dissolved in 
hydrochloric acid, the excess driven off by evaporation, then dissolved in 
water and enough sodium hydrate added to re-dissolve the greater portion 
of the precipitate. From the filtrate of the insoluble portion the phosphoric 
acid was precipitated by baryum hydrate as baryum phosphate ; in the fil- 
trate from this the excess of baryum was removed by sulphuric acid, and 
from the filtrate of the baryuam sulphate, the glucina and alumina were 
precipitated with ammonia. The residue insoluble in sodium hydrate 
contained about 4.5 per cent of lime, nearly 3 per cent of phosphoric 
acid, a little iron and glucina and alumina, which Jatter were added to 
the ammonia precipitate. 

These were then re-dissolved in as little acid as possible, precipitated by 
ammonia, and the separation of glucina from alumina attempted by that 
method, recommended by the highest authorities as the most perfect, 
namely, boiling these hydrates with a concentrated solution of am- 
monium chloride. The strength of the solution was kept so, that on 
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cooling a small quantity of ammonium chloride crystallized out. It 
was boiled briskly for a whole day, and did not show any bumbing 
at all; a large insoluble residue remained. It had a slightly yellow- 
ish color from a little iron, but had not the slimy gelatinous appear- 
ance which alumina would have presented, but, on the contrary, it 
was, without being crystalline, more granular and resembled beryl- 
lium hydrate precipitated on boiling from a dilute solution in sodium 
hydrate. The filtrate was precipitated with ammonia and gave 5.61 
per cent of ignited beryllium oxide. That portion insoluble in am- 
monium chloride dissolved readily in a minute quantity of dilute hydro- 
chloric acid. Sodium hydrate was now added and the whole evaporated 
in a platinum dish toa pasty consistency, then diluted with cold water 
and the little ferric hydrate filtered off, which was subsequently dissolved 
in hydrochloric acid, precipitated by ammonia. In washing the iron 
precipitate the filtrate became gradually more and more turbid. It was 
still more diluted with water and boiled for about one hour, when it was 
filtered off and washed; it gave 8.99 per cent.* The filtrate was now 
acidulated with hydrochloric acid and precipitated by ammonia and gave 
0.17 per cent of alumina, which was dissulved in hydrochloric acid and 
precipitated by ammonia and was found to be insoluble in ammonium car- 
bonate. 

The different constituents were added together and gave the results 
given below. A considerable quantity of phosphoric acid was lost proba- 
bly in the zinc silicate before I was aware of the fact that this retained such 
a large portion of it, and only 41.76 per cent were obtained. 


IT. 0.8608 grm. of finely powdered perfect crystals, dried over one week 
over sulphuric acid, were fused with twice their weight of silica and 
sodium carbonate, and the mass treated asin I. It was found, however, 
that for this mineral this method, even with such an excess of silica, can- 
not be used advantageously, as the phosphoric acid, notwithstanding the 
most careful operations, was contaminating almost every precipitate and 

_ was largely contained in the zine silicate. After the greater portion of the 
phosphoric acid was obtained, there was still about 4.5 per cent with the 
glucina and ferric oxide, from which it was separated by ammonium 


* This unexpected behavior of glucina with a boiling solution of ammonium 
chloride induced me to make the following experiments: A quantity of 
berylliam carbonate, prepared from bery!, from Acworth, N. H., was dissolved 
in hydrochloric acid, to the strongly acid solution ammonia was added until it 
showed a slightly alkaline reaction. It was boiled briskly for one day, then fil- 
tered, the undissolved residue was again dissolved in an excess of hydrochloric 
acid, precipitated by ammonia and boiled for another day and filtered. The two 
filtrates were mixed and precipitated by ammonia and gave 0,1158 grm. of beryl- 
lium oxide. The insoluble residue was dissolved in just enough hydrochloric 
acid precipitated and redissolved by sodium hydrate, diluted with much water 
and boiled for one hour. The precipitate weighed after ignition 0.1422 grms, 
Both were converted into anhydrous sulphates, the first furnishing 0.4742 grm. 
containing SO, = 75.58 and BeO = 24.42; the second gave 0.5912 grm. sulphate of 
beryllium with SO, =7§.95 and BeO == 24.05. 
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molybdate. The excess of molybdic acid was removed by precipitating 
the slightly acid solution by nitrate of lead. The excess of lead and trace 
of molybdenum were precipitated by hydrogen sulphide, and from the 
filtrate the glucina, ferric oxide and alumina separated by sodium hydrate 
asinI. Iam afraid that a portion of the fluorine was lost in a similar 
way. The ignited calcium fluoride was treated with sulphuric acid and 
weighed as calcium sulphate, and, as probably a little silica was there 
which was volatilized as silicon tetrafluoride, it lost 1 per cent, and gave 
only 6.04 per cent of fluorine. 


III. 0.3303 grm. of the same material as I, was intimately mixed with a 
known quantity of freshly ignited plumbic oxide, and put in a small 
platinum crucible with close cover, this was placed in a larger plati- 
num crucible which had some magnesia in the bottom, it was then tightly 
covered and gradually heated to a strong red heat, which was continued 
for twenty minutes. After cooling the small crucible had sustained a loss 
of 0.0020 grm., which would represent 0.61 per cent. The contents of 
the crucible were completely fused and the lid showed a slight film. As 
lead fluoride is slightly volatile, it isa question whether this very small loss 
may not be owing to this, and that the mineral is anhydrous. 

The fused mass was dissolved in acetic acid and filtered, the residue, 
consisting mostly of lead phosphate and fluoride, was dissoived in diluted 
nitric acid. A pulverulent residue, containing amongst other substances 
calcium fluoride, was filtered off, the fluorine driven oft by sulphuric acid 
and the sulphates added to the other portion of the analysis. It was 
found that a considerable portion of the lead phosphate had gone in 
solution, therefore all the liquids, from which the lead had been removed 
by hydrogen sulphide, were united and the analysis finished as under IT. 


IV. 0.5860 grm. of the very finely powered perfect crystals from an- 
other specimen with traces of albite was placed in a platinum crucible 
moistened with water, and then sulphuric acid was added and it was 
evaporated until copious fumes of sulphuric acid went off. It was dis- 
solved in water and hydrochloric acid. A very slight portion, 0.0070 
.grm., escaped the decomposition and was therefore deducted from the 
original quantity. The solution was precipitated by ammonia which 
would precipitate all the glucina, alumina, ferric oxide and a part of the 
lime in combination, with all the phosphoric acid, and would leaye the 
calcium which was in combination with the flourine in solution, I found 
that 13.16 per cent had not been precipitated, which corresponds to 8.93 
per cent of fluorine, which is probably more correct than 6.04 per cent as 
found by direct determination. The precipitate byammonia was dissolved 
in nitric acid, the phosphoric acid precipitated by ammonium molybdate 
and the analysis finished as ahove. 
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To my four analyses I add for comparison those of Mr. Mackintosh and 
Dr. Winkler. 


Ehren- 
Stoneham, friedersdorf. 


————E _ 

I II Ill IV Mackintosh. Winkler. Winkler. 

P,O, = 41.76 — 43.01 — 43.38 — 43.48 — 44.31 — 41.51 — 42.44 

BeO 14.60 — 15.01 — 15.17 — 15.04 — 15.76 14.84 8.61 

Al,0, 0.17— 0.22— 0.09— 0.20 — 2.26 6.58 

Fe,0, 0.48— 0.31— 0.49— 0.15 — — 1.18 1.77 

MnO 0.09-— 0.08— 0.12— 0.11 — aa- — 

CaO 33.96 — 34.06 — 33.74 — 33.65 — 33.21 33.67 34.06 

HO sp em wr 90.61 — 20.61 — 6.59 6.54 
Fl — —?6.04— ——— 8.93 11.32 


102.12 104.06 
Less O 8.76 4.76 


98.86 99.84 


Silicie acid and the alkalies belonging to the albite, etc., have not been 
determined, it should be remembered however that 0.20 alumina repre- 
sents one per cent of albite. 

The analysis made by Mr. Mackintosh and myself show that herderite 
is anhydrous beryllium-calcium phosphate and fluoride, —with traces only 
of alumina and ferric oxide and perhaps a little water. The traces of alu- 
mina are owing to slight admixtures of traces of mica and albite. 

Somewhat doubtful is the exact quantity of fluorine which it contains, 
Mr. Mackintosh determined its quantity from the excess of lime which he 
found. A determination which I have made in the same manner gave me 
a far lower result, instead of 11,32, only 8.93 per cent. My direct fluorine 
determination is probably too low, owing to the incomplete decomposi- 
tion of the mineral by fusion with silica and sodium carbonate and the 
difficulties in the separation of fluorine from such a solution. A doubt 
also exists as to the 0.61 per cent loss by fusion with plumbic oxide, 
whether it is water or lead fluoride. 

As all my material was used up I could not attempt any other detcrmi- 
nation for clearing up these doubtful points. 

It is to be regretted that the results of Dr. Winkler’s two analyses are 
so very unsatisfactory, and that he has sacrificed the very precious Ehren- 
friedersdorf herderite by employing incorrect methods for his analyses. 

By ignition he has volatilized the greater portion of the fluorine, then 
by evaporation with nitric acid the rest may have gone (although nitric 
acid is less liable to drive off hydrofluoric acid than hydrochloric acid 
would be) ; therefore when he subsequently tested for fluorine, there was 
no more left than sufficient to give a doubiful reaction. 

Although it is stated (Rose’s Qual. Analyse, Leipzig, 1867, p. 212), in- 
correctly as I believe, that boiling with sodium acetate does not precipitate 
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glucina, I am not aware that this method has ever been suggested to sep- 
arate glucina from alumina by boiling a solution, nearly neutralized with 
sodium carbonate, with sodium acetate. It is a known fact (see Graham- 
Otto’s Anorganische Chemie, by Michaelis, iii, 2 Hilfte, p. 694) that from 
a solution of beryllium chloride the glucina is precipitated on boiling with 
sodium acetate.* 

Dr. Winkler does not state that he has tested his so-called alumina for 
its purity, which is unfortunate, or he would have found thata slight trace 
of it might have been present, but that the precipitate was nearly pure 
glucina. There can be very little doubt that the Ehrenfriedersdorf and 
Stoneham mineral are identical in composition. There is also a larger 
percentage of ferric oxide in Dr. Winkler’s analysis than found by me. 
Might this not have come from the molybdic acid which he used? The 
ammonium molybdate—prepared from Merk’s molybdic acid—which I 
use contains in 100° 0.002 grms. ferric oxide. As I used measured 
quantities, a corresponding amount of ferric oxide was deducted. 


UNIVERSITY OF PENNSYLVANIA, Philadelphia, October 17, 1884. 


Notes on the Natural Bridge of Virginia. By Charles A. Ashburner. 
( October 8, 1884 ; see page 690.) 


During a recent trip to Virginia (September 2 to 6), I visited the Natural 
Bridge, and although in possession of the tourist guide book of the lo- 
cality (edition of 1884) and the admirable articles published by Major Jed. 
Hotchkiss in ‘‘ The Virginias,’’ I failed to obtain certain information relat- 
ing tothe bridge which would be of special interest to the topographer 
and geologist. Some of the observations which I made, although of a 
general character, may be of interest to members of the American Philo- 
sophical Society. 

The bridge is undoubtedly the remnant of the top of a cave which was 


*In order to show the value of the method used by Dr. Winkler for the 
separation of alumina and glucina, a quantity of beryllium carbonate was 
dissolved in hydrochloric acid, evaporated to dryness, diluted with about 
150° of water, nearly neutralized with sodium carhonate, then about 2 grams 
of sodium acetate were added and the solution heated. At about 80° it be- 
came turbid, and after two hours boiling a considerable precipitate had 
formed, which was filtered off arid washed. It was dissolved in dilute hydro- 
chloric acid, then sodium hydrate was added to redissolve the precipitate, then 
it was diluted with much water and gave on boiling beryllium hydrate, which 
after ignition weighed 0.0855 grams. The filtrate from the precipitate produced 
by sodium acetate was precipitated by ammonia and gave 0.2705 grm. This 
shows that 24.3 per cent were precipitated by boiling, and that the method is 
worthless for the separation of glucina from alumina. By a greater dilution 
and a more strict neutralization perhaps all the glucina might have been 
precipitated. 
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probably formed long betore the Luray Cavern, which is excavated out of 
the same limestone formation. The bridge seems to be located in the 
centre of a gentle basin or syncline in the strata, which may account for 
the roof of the ancient cavern being left at this special point. The height 
of the bridge has evidently been much augmented by a lowering of the 
bed of Cedar creek through the agency of chemical and mechanical 
erosion after the destruction of the original cavern. The height of the 
cavity at the point where the bridge now exisis being in consequence very 
much less than the present height of intrados of the bridge arch. 

The elevation above ocean level of the railroad track at Natural Bridge 
Station on the Shenandoah Valley R. R., is 760 feet, and the elevation of 
Cedar creek under the north face of the bridge arch is 915 feet, as deter- 
mined by two independent lines of barometric levels which I ran from the 
railroad station to the bridge. The height of the crown of the arch on the 
north side at the ‘‘ Lookout Point’’ is 188 feet above the creek, measured 
with a cotton twine, which was the only line of the required length which 
could be obtained. The same measured by barometer (Short and Mason 
aluminium anervid), was determined as 186 feet. Neither of these methods 
of measurements are sufficiently exact to permit of a final statement, but 
are of interest in the absence of more definite data. The thickness of the 
arch under the crown on the north side is approximately 46 feet, and on 
the south side 36 feet. 

Much has been written and published about this Natural Bridge since 
the appearance, a century ago, of the Travels of the Marquis de Chastellux 
in North America, in 1780-2, but there appears to be a lack of a complete 
description of the bridge and its surroundings which is readily available, 
which would prove of special value to the topographer and geologist. 


Stated Meeting, November 7, 1884. 
Present, 18 members. 
President, Mr. FRALEY, in the Chair. 


Col. Ludlow, Dr. Randolph, and Mr. Dickson, new members, 
were introduced to the presiding officer and took their seats. 

Letters of acknowledgment were received from the Royal 
Academy at Madrid (XVI, i, 113, 114); the Society of Antiqua- 
ries of London (415); and the Maine Historical Society (115). 

A letter of envoy was received from the Meteorological 
Office, Royal Society, London. 
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Donations to the Library were reported from the Royal 
Academy of Belgium; the Annales des Mines; the Revue 
Politique; the Meteorological Council of the Royal Society, and 
London Nature; the Cambridge Philological Society; the 
Natural History Society at Montreal; the Boston Society of 
Natural History; the American Philological Association at 
Cambridge; the American Journal of Science; the American 
Chemical Journal; the Franklin Institute ; Pennsylvania His- 
torical Society; Prof. J. P. Lesley; Mr. Henry Phillips, Jr. ; 
Mr. A. E.. Foote; the Wyoming Historical and Geographical 
Society ; the Commissioners of Education ; the Secretary of the 
Navy; the United States Fish Commission; the United States 
National Museum; the United States Naval Observatory; the 
Smithsonian Institution; the American Journal of Mathe- 
matics; Major Jed. Hotchkiss, of Staunton, Va.; the editor of 
the Western Magazine, Cleveland; the Colorado Scientific 
Society; the Astronomical Observatory of Mexico, and the 
imperial Observatory of Rio de Janeiro. 

Dr. Rushenberger accepted his appointment to prepare an 
obituary notice of Dr. R. E. Rogers. 

Mr. Vaux accepted his appointment to prepare a notice of 
Mr. Henry M. Phillips. 

The death of Mr. John Biddle, of Philadelphia, October 19, 
aged 70 years, was announced. 

The death of Mr. C. E. Rawlins, of Liverpool, aged 71 years, 
was announced, 

Dr. Syle exhibited copies of the Shanghai Chinese Illustrated 
News, picturing the defeat of the French troops by the Chinese 
in the late battles; and described the peculiarities of the struc- 
ture of the Chinese language. 

Prof. Cope presented “An Analysis of the bark of the Fou- 
quietra splendens,” by Miss Helen C. D. Abbott. 


Prof. E. D. Cope mentioned some of the results of his studies 
on the Batrachian and Reptilian fauna of Mexico and Central 
America, which had been prosecuted by the use of material 
mainly placed at his disposal by the Smithsonian Institution. 
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The total number of species described up to date is six hundred 


and ten, which is described as follows: 
Genera. Species. 


15 
BATRACHIA. { 4 "| 120 
REE chive de weciivic as bib Sdn es Vesa he 81 98 
( Crocodilia......+.++ 
; En wkenivnis odumGGbuén oae anes 
* | Lacertilia 
baka bn ndene hs padounnbhiuesds ccs 92 


REPTILia.. 


On motion of Dr. Brinton it was 


Resolved. The expediency of preparing and printing a Dictionary of the 
Lenni Lenapé language, based on that of the Rev. David Zeisberger, and 
thus completing the presentation of that language, begun in our TRans- 
ACTIONS in 1827 by our former President, Peter Stephen Duponceau, be 
referred to the Publication Committee, with instructions to report at the 
first regular meeting in January, 1885. 


Pending nominations Nos. 1031, 1032 and new nomination 
No. 1033, were read, and the meeting was adjourned. 


Stated Meeting, November 21, 1884. 
Present, 15 members. 
President, Mr. FRALEY, in the Chair. 


An acknowledgment of the receipt of Proceedings Nos. 112, 
114, 115 was received from the Royal Zodlogical Society of 
Amsterdam. 

A letter of envoy was received from the Librarian of the 
University of California. ‘ 

A letter was received from the United States Department 
of the Interior, offering copies of the Blue Book, or Official 
Register of the United States. 

A circular invitation was received from the Natural History 
Society at Bamberg, to assist at the celebration of its Fiftieth 
Anniversary, on November 8, 1884. 
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Donations for the Library were received from Mr. Paul 
Albrecht, of Brussels; the Geographical Society at Paris; 
Royal Academy of History at Madrid; Royal Meteorological 
and Astronomical Societies of London; London Nature; the 
Boston Society of Natural History; Science Record; New 
York Meteorological Observatory ; American Journal of Phar- 
macy; Mr. Henry Phillips, Jr.; the Maryland Historical So- 
ciety; Johns Hopkins University; United States Fish Com- 
mission; United States Department of the Interior; Kansas 
State Historical Society, and University of California. 

The death of Eli K. Price, senior Vice President of the 
Society, at his residence, in South 15th street, Philadelphia, on 
the 11th inst., in the 88th year of his age (born July 20, 1797), 
was announced. 


The following contributions to the Society were read: 


1. Notes on the Geological Structure of Tazewell, Russell, 
Wise, Smyth, and Washington counties, of Virginia, by John 
J. Stevenson, Professor of Geology in the University of New 
York, with seven cross sections and a geological map. 


Mr. Lesley remarked that— 


This memoir was a continuation of Prof. Steverson’s description of the 
Geology of Southwestern Virginia, read before the Society, August 20, 
1880, January 21, 1881, and October 7, 1881 ; but without further reference 
to the economics of the region. 

The absence of the Chemung and Portage and Genesee formations VIII 
f, ¢, d, from long outcrops in Lee, Wise and part of Scott counties (although 
the Chemung is present on Indian creek, &c. further east) ; the absence of 
the coarser members of the Hamilton VIII ¢, and the Marcellus VIII d. 
80 that only 900 feet of black slate is left; the absence of the Upper Helder- 
berg VIII a, Oriskany VII, Lower Helderberg VI, and Onondaga V 5— 
leaving merely the Clinton V a, and Medina IV 4, c, which, however, thin 
out and disappear themselves, dut in a southeasterly direction—are facts of 
importance to the proper understanding of the original source, or rather 
suurces of our Paleozoic depogts. 

The logical discussion of facts relating to the anomalous salt and gyp- 
sum deposits along the Holston, at Saltville and elsewhere, is specially 
valuable. The independence of the gypsum clays as regards the Paleozoic 
floor-rocks on which they rest, and the evident erosion of the gypsum 
before the deposit of the blue clay, upon which again the Mastodon con- 
glomerate lies, are important steps of an argument resulting in a theory 
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that the gypsum is not older than Tertiary times, and that it owes its 
origin (as in the Great Salt Lake of Utah) to the meeting of two systems 
of drainage waters, one from a region furnishing an abundance of lime 
water, and the other from a region furnishing an abundance of copperas 
water. 

This memoir is not only valuable for its new facts, but for its correction 
of mistakes made by me in my survey of the region in 1870. A re-survey 
of any geological field by another. or by the same competent geologist, is 
sure to produce such results; and the ‘‘constants of science’’ can only 
be obtained by this process of reiteration. My mistake of identifying the 
fault at Saltville with the Walker mountain fault is a case in point, Prof. 
Stevenson shows their distinction. 

The total absence of the Catskill formation No. [X, and the nearly total 
absence of the Pocono formation No. X, two formations measuring 
together in Middle and Eastern Pennsylvania at least 8000 feet, is worthy 
of especial notice, as it goes far to confirm the apparent lack of IX and 
thinness of X at no great distance behind the Allegheny mountain in 
western Pennsylvania, As we know nothing of the south-eastern limit 
of these formations, and merely see them at their last outcrop growing 
thickerin that direction, and also north-eastward, the idea of a closed basin, 
however large—perhaps extending to Scotland—may challenge respectful 
consideration. 


On motion, the Secretaries were authorized to publish a 
colored map of the district like that in Vol. XIX, page 219. 

2. The Limits of Stability of Nebulous Planets, by Prof. 
Daniel Kirkwood. 

8. On the Genealogy of the Vertebrata, and the Theory of 
Degradation as demonstrated by it, by Prof. E. D. Cope. 

The minutes of the last meeting of the Board of Officers and 
Members in Council were read, and on motion the recommen- 
dations therein contained were approved and adopted. 


1. Resolved, That the Proceedings be hereafter published quarterly, or 
oftener, at the discretion of the secretaries. 

2. Resolved, That all members not paying an annual contribution be 
charged one dollar annually for the printed Proceedings. 

It was explained that the Post-Office laws of the United States require 
not only a quarterly issue, but a bona fide subscription list, for placing any 
printed matter under the head of third-class matter. 

The Secretaries will not only make this notification and explanation, 
but will send a circular letter to such members of the Society soliciting 
their assent. ° 

%. Resolved, That the Indian Picture Rock be obtained at a total cost 
not exceeding $50 for purchase, preparation and transportation. 
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4. That an appropriation of two hundred and seventy-five dollars ($275) 
be made for heliotype views of the Society’s Hall, within and without, to 
illustrate the forthcoming Volume I, Part i, Proceedings of the Society 
from 1744 to 1837. 

5. That a circular letter be sent to members, urging them to take meas- 
ures for the preservation of the monuments of antiquity in their several | 
localities. 

6. That it is not expedient for the Society to take any part in the pro- 
posed American Exhibition in London in 1886. 


The alterations made in the garrets of the Hall for purposes 
of storing and arranging the Society’s stock of publications, 
were reported and approved, and the meeting was adjourned. 


Stated Meeting, December 5@1884. 
Present, 18 members. 
President, Mr. FRALEY, in the Chair. 


Letters accepting membership were received from Judge 
Jas. R. Ludlow, Prof. G. vom Rath, Dr. A. S. Gatschet, and 
Rev. Dr. H. C. Trumbull. 

Letters of acknowledgment were received' from the Societas 
Flore et Faunz Fennica, at Helsingfors (107, 108, 113), asking 
for back numbers; from the London Royal Society (XVI, i; 
112, 113, 114); from the Verein fiir Vaterliindische Natur- 
kunde at Stuttgart (XVI, 1; 112-114); and from De Lau & 
Co., London (see MS. Minutes). 

A letter proposing exchange of duplicates was received from 
the Mercantile Library. 

Letters of envoy were received from the Meteorological 
Office of the Royal Society, London, and the Society at Hel- 
singfors. 

Donations to the Library were.received from the Royal 
Academies at Berlin, Turin, Modena, London and Edinburgh ; 
the Observatories at Adelaide, Oxford and Brussels; the Geologi- 
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cal Survey of India; the Society at Helsingfors; the Archives 
of Physical and Natural Sciences at Geneva; the Anthropo- 
logical Society and Royal Geological Institute at Vienna; the 
Natural History Societies at Altenburg, Bremen, Bonn and 
Stuttgart; the German Geological Society; the Society of 
Natural and Medical Sciences at Giessen; the Horticultural 
Society at Girlitz ; the Physical-Economical Society at Konigs- 
berg; the Geographical and Natural History Societies at Leip- 
sic; the Astronomical, Geological and Geographical Socie- 
ties at London; the Boston Society of Natural History; the 
Essex Institute ; Museum of Comparative Zodlogy ; American 
Journal of Science; New Jersey Historical Society; Franklin 
Institute, Henry Phillips, Jr., Prof. E. D. Cope; Kosmos; the 
Second Geological Survey of Pennsylvania; Prof. Ira Remsen, 
of Baltimore, and Major Hotchkiss, of Stanton, Virginia. 

Mr. Henry Phillips, Jr., presented two valuable catalogues 
of collections of coins; one of Jerome de Vries, Jr. of Amster- 
dam; the other of the Marquis Remedi of Sarzani, hand 
somely illustrated with heliotype plates. 

Prof. John J. Stevenson of the University of the City of 
New York communicated a paper entitled: “Some notes re- 
specting metamorphism.” 

Mr. Carson read by appointment an obituary notice of the 
late Gen. A. A. Humphreys. 

Dr. Frazer exhibited and explained his invention of a form 
of hand-compass, in which the needle is preserved from injury 
by carriage. 

Mr. Ashburner exhibited and described a new map of the 
anthracite coal region with columnar lists of the production 
of each mine. 

The Treasurer read his annual report, which was submitted 
to the Committee on Finance. 

Pending nominations Nos. 1031 to 1033 were read, and the 
meeting was adjourned. 
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him the communication, description, or model, except the officer to whom 
it shall be entrusted ; nor shall such officer part with the same out of his 
custody, without a special order of the Society for that purpose. 

6. The Society, having previously referred the several communications 
from candidates for the premium, then depending, to the consideration of 
the twelve counsellors and other officers of the Society, and having received 
their report thereon, shall, at One of their stated meetings in the month of 
December, annually, after the expiration of this current year (of the time 
and place, together with the particular occasion of which meeting due 
notice shall be previously given, by public advertisement) proceed to final: 
adjudication of the said premium ; and, after due consideration had, a vote 
shall first be taken on this question, viz. : Whether any of the communica- 
tions then under inspection be worthy of the proposed premium? If this 
question be determined in the negative, the whole business shall be de- 
ferred till another year; but if in the affirmative, the Society shall proceed 
to determine by ballot, given by the members at large, the discovery, in- 
vention or improvement most useful and worthy ; and that discovery, in- 
vention, or improvement which shall be found to have a majority of con- 
curring votes in ite favor shall be successful; and then, and not till then, 
the sealed letter accompanying the crowned performance shal! be opened, 
and the name of the author announced as the person entitled to the said 
premium. 

7%. No member of the Society who is a candidate for the premium then . 
depending, or who hath not previously declared to the Society, that he has 
considered and weighed, according to the best of his judgment, the com- 
parative merits of the several claims then under consideration, shall sit in 
judgment, or give bis vote in awarding the said premium. 

8. A full account of the crowned subject shall be published by the So- 
ciety, as soon as may be after the adjudication, either in a separate publica- 
tion, or in the next succeeding volume of their Transactions, or in both. 5 

9. The unsuccessful performances shall remain under consideration, and 
their authors be considered as candidates for the premium for five years 
next succeeding tho time of their presentment ; except such performances 
as their authors may, in the meantime, think fit to withdraw. And the 
Society shall annually publish an abstract of the titles, object, or subject 
matter of the communications, so under consideration ; such only excepted 
as the Society shall think not worthy of public notice. 

10. The letters containing the names of authors whose performances 
shall be rejected, or which shall be found unsuccessful after a trial of five 
years, shall be burnt before the Society, without breaking the seals. 

11. In case there should be a failure, in any year, of any communication 
worthy of the proposed premium, there will then be two premiums to be 
awarded the next year. But no accumulation of premiums shall entitle 
the author to more than one premium for any one discovery, invention or 
improvement. 

12. The premium shall consist of an oval plate of solid standard gold of 
the value of ten guineas. Oa one side thereof shall be neatly engraved a 





















































short Latin motto suited to the occasion, together with the words: “The 
Premiam of John Hyacinth de Magellan, of London, established in the 
year 1786 ;"’ and on the other side of the piate shall be engraved these 
words: ‘‘ Awarded by the A. P. 8. for the discovery of. A.D, “ngs 
And the seal of the Society shall be annexed to the medal by a ribbon pass- 
ing through a small hole at the lower edge thereof. 

Seorron 2. The Magellanic fund of two hundred guineas shall be con- 
sidered as ten hundred and fifty dollars, and shall be invested separately 
from the other funds belonging to or under the care of the Society, and a 
separate and distinct account of if shall be kept by the treasurer. 

The said fund shall be credited with the sum of one hundred dollars, to 
represent the two premiums for which the Society is now liable. 

The treasurer shal! credit the said fund with the interest received on the 
investment thereof, and, if any surplus of said interest shall remain after 
providing for the premiums which may then be demandable, said surplus 
shall be used by the Society for making publication of the terms of the 
said premium, and for the addition, to the said premium, of such amount 
as the Society may from time to time think suitable, or for the institution 
of other premiums. 

The treasurer shall, at the first stated meeting of the Society in the 
month of December annually, make a report of the state of said fund and 
of the investment thereof. 








aa 


ae 


